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ADVERTISEMENT. 


The great and daily increasing number of researches appearing 
every year in the different departments of Chemistry and the Allied 
Sciences, renders it difficult for individuals to obtain, by actual 
inspection of the original sources, a complete survey of their 
progress. 

The study of owe, or even of several journals, does not suffice for 
this purpose, the communications of various investigators being 
distributed over a large number of periodicals, and many papers, 
especially interesting to the Chemist, being actually buried in publi- 
cations chiefly devoted to other subjects. 

It is evident that a rapid acquirement of an accurate knowledge of 
the progress made by so extensive a Science as Chemistr}^, and a 
clear perception of the connexion of the individual researches as to 
tlicir confirmation, correction, or refutation of each other, would be 
most materially facilitated by an Annual Report, founded on the 
broadest possible scientific basis, and carried out by men equal to the 
task. 

Professor Liebig, in conjunction with several distinguished scien- 
tific men, has undertaken the regular publication of such an account. 
By the united activity of a number of persons working on a well-con- 
nected plan, it will be possible to obtain a detailed account of the 
resQ^rches published during each succeeding year, scon after its 
expiration. The Report of the Progress of Chemistry and the Allied 
Sciences will always be in the hands of the scientific public before the 
middle of the following year. 

The labours in the field of Chemistry, including its application tu 
Pharmacy, Medicine, Agriculture, the Arte and Manufactures, will be 
reported with minute accuracy, it being intended to insert ^ faithAil, 
and, whenever necessary, a complete digest of each investikation. 
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The part of the work devoted to Physics and Mineralogy will form 
a complete synopsis of the literature; while a detailed account will 
be given of such subjects as are of j>{^ticular importance to the 
Chemist. ' . 

In Geology, which has of late derived so many advantages from 
the progress of Chemistry, the discussion will be extended to all 
inquiries instituted on the boundary line of the two Sciences. 

The Annual Report aims at completeness, principally in the 
communication of results; descriptions, however, of methods^ by 
means of which these results may have been obtained, will be by no 
means omitted, whenever it may appear conducive to the compre- 
hension of the subject, or whenever the methods themselves are new. 

One of the principal objects will be to treat synoptically of the 
different researches published on the same subjects, and to expose in 
a lucid manner the relation existing between recent inquiries, and 
our actual store of knowledge; it is not intended to give merely 
isolated and unconnected abstracts of the several individual investi- 
gations. 

By experience and researches of their own, the Authors of the 
Annual Report will be frequently enabled to point out such questions 
as require confirmation or correction, or to which, up to the present 
moment, due attention has not been accorded : criticism likewise 
cannot altogether be excluded. 

This Series of Reports commences with Two Volumes, exten^lig 
over the years 1847 and 1848 ; each future Report will be lixBqftbd 
to one year. .. 
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PHYSICAL CHEMISTRY. 


MOLECULAR ACTIONS. 

It is well known that the state of all bodies is dependent upon 
the mutual action of two forces, the one, molecular attraction, which 
ajipcars to be essentially a property of ponderable matter ; the other, 
molecular repulsion, which may be considered as a manifestation of 
the caloric enveloping the smallest particles of bodies. The resultant, 
in every case, of these two forces, is what in fluids and solids is caUed 
the force of cohesion. 

Cobesion of Liquids, and capillary Elevation dependent on the CohnloD 
Teinperatnre. — It has long been known, that the cohesion of fluids is caX* 
diminished by an increase of temperature. With the part, however, nuon'd^ 
which the caloric plays in this change we have been tiU recently almost the tem^l 
unacquainted. This change could be attributed to an increased thermal 
tension, just as well as to a diminished density, for the molecular 
attraction as a property of mass must vary with the square of the den- 
sity. In their theoretical investigations on capillary phenomena, andv 
on the cohesion of liquids closely connected therewith. La Place and 
Poisson, neglecting as insignifleant the increase of repulsion, have, 
in fact, exclusively considered the diminution of the density. 

The latest experimental researches have concordantly proved, that 
cohesion, at least within the limits of our present observations, is not 
perceptibly influenced by an increase of the distance between, the 
ultimate particles,, whilst its diminution sensibly keeps pace with the 
increase of temperature. 

Direct measurements of the changes effected by heat in the 
cohesion of some liquids, have been communicated by Buys- 
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oiM^d?, BRllot(l). He employed, in his experiments, adhesion-plates of 
metal. 

SndSntlTn ^ plate, suspended from the one arm of a delicate balance 
the tempe. and horizontally adjusted, was brought into contact with the surface 
” of the liquid. The weight requisite to be attached to the other arm, 

in order to remove the plate from the liquid, afforded a measure of 
the cohesion of a section corresponding to its surface. Impurities, 
as likewise air bubbles, that might have got between the two surfaces, 
were most carefully removed, and altogether, it appears that every 
precaution necessary in such delicate experiments was attended to. 
The horizontal adjustment of the square plates succeeded best by 
means* of three fine screws, admitting of lengthening and shortening 
the three cords of suspension. 

The liquid to be examined was first warmed, and then, whilst 
slowly cooling, a number of experiments were performed in rapid 
succession between slightly varying temperatures. 

With the rise of temperature up to 90*^ C., above which the observa- 
tions were no longer accurate, a very regular diminution of cohesion 
was exhibited, capable of being expressed by an equation p=a — ^^t, 
applicable to all the liquids investigated, p representing the weight 
necessary to separate the plate from the liquid, t the temperature, 
a and ^ being constants specially to be determined for every liquid. 

The following table gives a synopsis of the principal results ; in 
the column p we find, expressed in grammes, the weight requisite to 
separate a plate of 1 Sq.C. (centimetre) surface, representing the 
cohesion of a Sq. C. -section of the liquid. By dividing p by the 
weight of 1 CC. (cubic centimetre) of the liquid, and multiplying by 
10, we obtain, expressed in millimetres, the height to which the fluid in 
contact with the disc can be elevated above the level of that in the 
trough before the plate separates. This table, likewise, exhibits a 
result which is certainly remarkable, namely, that the cohesion of 
water is not only diminished by heat, but also by the introduction of 


soluble substances : 

Density at 0°. 

p=a~j3t. 

Water 10«^0» C 

. 1*000 

0-5568— O-OOlOSt 

„ 17®— 94''C. 

. I'OOO 

0-5607- O-OOllOt 

Solution of Glauber’s salt . . . 

. 1*065 

0-5400— 0-00136t 

9t f* • • • 

. 1*160 

0-5051— 0-00073t 

Solution of sulphate of copper, pure 

. 1*212 

0-5460— 0-00080t 

»» » 99 acid 

. . ’1*125 

0-5095— 0-00085t 


The numbers given by Buys-Ballot for water, and especially 

(1) Pogg. Ann. LXXIi 177, abstract from Dissertatio inauguralis de Synapbia et 
Prosapbia Triyecti ad Rbenum, 1844; a correction of his calculation by R. Merian 
in Pogg. Ann. LXXIIl, 485, also in Arch. Ph. Nat. V. 355. 
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thosp for lower temperatures^ tally tolerably well with the indications 
of other physicists obtained by very different methods^ well enough^ *i*ary*efe-*’ 
indeed^ to dispel the objections raised by Donny(l). Nevertheless, 
the values in the foregoing table can only be regarded as approxi- the tempe. 
mative, as Buys-Ballot himself acknowledges; the method with 
adhesion-plates admitting scarcely of a very high degree of accuracy 
even in the hands of the most skilful experimenter ; others have, there- 
fore, preferred deducing the cohesion of fluids from their elevation in 
capillary tubes, a method to which, as is well known, the way was 
paved by La Place, who first succeeded in reducing the capillary 
phenomena to the force, with which solid surfaces adhere to liquids. 

Within the last few years voluminous memoirs have been published 
by C. Brunner(2), and by Frankenheim(3), on the deportment 
of fluid bodies in capillary tubes. Those of the latter refer to 
cxperimejits made previously, in conjunction partly with Sondhaus(4) 
and partly with Hildebrand. 

Frankenhcim introduced the liquids to be examined into syphon- 
shaped tubes, one limb being of a capillary, or at least of an ex- 
ceedingly small bore, whilst the radius of the other varied from 
3 — 7 millimetres. These tubes were immersed in a transparent bath 
capable of being heated, in order to produce the requisite variations 
of temperature. 

Brunner has essentially followed the method of Gay-Lussac, 
which is described in Biotas ^ Traits de Physique 1, 441,^ He 
endeavoured to produce the required changes in temperature, by 
placing the glass cylinder, filled about one fourth with the liquid, in 
a tiu vessel, having double sides, but through which a narrow groove, 
four lines in width, was cut, so as to allow of observations being made. 

This metallic vessel, which could be heated by a spirit lamp, was 
filled with oil. Both physicists observed the variations in height 
by means of a vertical rule fixed at a distance of some feet from the 
apparatus, with an appropriate telescope attached to it, capable o^ 
remaining parallel with its original position, while moving either up 
or down. 

It is evident that the former method is more likely to secure the 
production df a fixed temperature, and an equal distribution of the 


(1) Pogg Ann. LXVII, 564. 

(2) Pogg. Ann. LXX, 481 ; Arch. Ph. Nat. IV, 121. Ann. Ch. Pharra. LIV, 140 
(in abstract). 

(3) Pogg. Ann. LVII, 178 ; Arch. Ph. Nat. VII, 122 (in abstract) ; Ann. Ch. Pharra, 
LXIV, 143. 

(4) J. Pr. Chem XXIII, 401. 
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of^iSSdi” heat, .throughout the liquid to be tested^ than Brunner’s plan; the 
latter has the advantage of admitting of much more accurate mea- 
^radenton ^ advantage the more apparent^ if we consider that 

Frankenheim^ unable to neglect the capillary influence altogether^ 
even in the widelimh of his tubes^ was nevertheless without the means 
of accurately correcting it. 

Both physicists^ however^ find that the capillary elevation decreases 
with the temperature, and is capable of being represented by a very 
simple formula of interpolation, as a function of the temperature. 

^ese formulae, together with the limits of temperature, within 
which they are strictly correct, are arranged in the following table, 
which gives the height of the capillary column for a cylindrical tube of 
1 millimetre radius, and for temperature of 0°. In these determi- 
nations, the weight of the meniscus is introduced into the calculation, 
by assuming it to be equal to that of a liquid cylinder of ^ of the 
height of thaiMradius. We have accordingly : 

H = r(l. + ^) 

H representing the height pf the capillary column in a tube of 1 
millimetre radius, and measured from the surface of the liquid to the 
lowest point of the meniscus(l). 



Sp. gr. 
atoo. 

Frankenheim 

Hmm. 

Brunner. 

Water . . 

1-0000 

15>336— e-0287St or 15-336 
— 0-02751t— 0-000014tSbe. 
tween 2'’‘5 end 93'’'4 C. 

15-332— .0-0286t 
between O**. and 
82® C. 

Ether . . . * • 

0-7370 

5-400 — 0-0254t between — 
6 ® and 35®. 

5.354 _ 0-0280t 
between 0® and 35®. 

Olive oil . 

0-9150 

..... 

7-461— 0-0105tbe. 
tween 15* end 150*. 

Turpentine 

0-8902 

6-766— 0-0167t between 17» 
end 137°. 


Oil of lemons . 

0-8380 

7-23— 0-0174t betw. 17° 
end 125*. 


Petroleum . • 1 

0-8467 

6-896— 0-0151t between 17® 
and 128*. 


Alcohol ; . . . 

0-8208 

6-05— 0-0116t— 0-000051t* 
between 0* and 75*. 


Spirits of me • 

0-9274 

6-41— 0-0120t between— 2^ 
end 70*. 


Bisulphide of carbon 

1-2900 

6-10— O-OlOlt between— 5* 
end 36 *. 


Acetic add • . • 

1-0522 

8-51— 0-0097t between 13* 




end 100 *. 


Solution of chloride of zinc 

1-3638 

10-06 — 0-0220t between 40* 
end 85*. 


Sulphuric add . . . 

1-8400 

8-40— 0-01536-0-0000944* 
between 12* end 90*. 



(1) Biot, Traits de Physique, I, 449. 
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Frankenheim and^runnerhave^ as is seeii^ obtained almost the 
same values for water and for ether. Foi* the former^ Gay-Lussac 
had found H=16®"**185%t 8®'6 C. Frankenheim's formula gives, 5JSd?nt«I 
at the same temperature, 15®“*101, that of Brunner 16®“’089. 

The specific gravities annexed in the table show how little may be 
inferred from the density of a liquid, as to the cohesion existing 
amongst its particles. Generally it is true, that with the diminution 
in density of a liquid, there is also a diminution in the capillary 
elevation, but in a very different ratio; compare, for example, the 
average-diminution in the density of water and oil of turpentine, 
as represented by the formulse : 

1-000 (1— 0-00418t) and 0-8092 (1— 000886t) 


with the corresponding variations of the capillary elevations of the 
same liquids, as expressed by the formulae : 


15,836 (1— 0 001875t) and 6-76 (1— 0 002466t) 

In the same manner it has been foun^ with other liquids, that the 
capillary elevation diminishes much more rapidly with an increase of 
temperature than would correspond to the diminution of the density. 

The most conclusive proof, however, that the variations in density 
stand in no direct relation to the capillary elevation, is afforded by 
water at a low temperature. For whilst it exhibits a maximum 
density at 4^, Sondhaus, and likewise Brunner, have found that 
air almost regularly progressing depression of the capillary column 
takes place with an increase of temperature even from 0® upwards. 

Frankenheiin, availing himself of Poisson's formula : 

p = 7rrV ^3a2 ^ 


expressing the relation of the capillary elevation to the cohesion of 
the liquid, has calculated the thickness and the weight of the liquid 
layer suspended between the adhesion-plates and the surface of the 
liquid at the moment of separation. He has, however, neglected in 


this calculation the second term —y this is not admissible. The 


numbers which he has found cannot, therefore, have claims to abso- 
lute correctness, nor are they comparable with each other. 

H 

In the above formula af = i. e. equal in millimetres to the 
elevation of the liquid in a cylindrical tube of 1““ radius, divided by 
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oM^Sd»“ 100 j /i represents tKe weight of 1 cubic centimetre of the liquid in 
questioo^ Trr^ the superficial contents, in ^uarc centimetres, of the 
JtndSnt^n adhesion-plates, p the weight (in grammes) necessary to efifect 
rature?**®" Separation. 

If we now calculate p for difierent temperatures, substituting always 
the corresponding values for /i and a^, and availing ourselves of 
Brunner^s formula for water, we shall arrive at a numerical series 
generally expressed by the equation 

p = 0-4632 — 0 000358t — 0 000002t2 

in which p represents the cohesion of water for a section of 1 square 
centimetre. Thus we find p to be 0*4632 gi-ammes at the tempera- 
ture of freezing water, and 0*4086 grammes at 100®. 

According to Erankenheim^s method of calculation, it will be 
for the same temperatures, 0*5544 and 0*4784. 

It is well known that water, under sufficient pressure, can retain 
the liquid state, *. e. cohesion amongst its .particles, at tempe- 
ratures far above 100®. If we are justified in assuming that the 
formula just propounded wilt hold good also, at least approximately, 
for such higher temperatures, we shall be enabled to trace the 
cohesion diminishing with the rise of temperature to a point, where it 
will be balanced by a caloric repulsion of an equal intensity ; we find 
that this must take place at 400®, i. e. water heated up to this tempe- 
rature should, by the slightest increase of tension, by the introduction, 
for instance, of a single bubble of air, be suddenly, and through- 
out its entire mass, converted into steam. Moifeover, as water, in 
order to be converted into steam, requires 610 heat-units, starting 
from 0®, it may be inferred that a very rapid increase of its specific 
heat will take place at temperatures above 100®. 

Donny(l) has shown, by a series of well devised experiments, 
* that water possesses a tendency to evaporate only when exposed to a 
vacuum, or a space filled with gas, and that the process of ebullition is 
induced by the air alone, which is present in the water. He succeeded 
in heating water, previously freed from air with great care, to 135® with- 
- out inducing ebullition. — His experiments certainly prove, in a most 
convincing manner, that a space filled with gas or a small bubble of 
air, is absolutely necessary for the evolution of steam in the body of 
the water, and that accordingly, the process of ebullition in its 
principle, coincides with that of evaporation; in the further conclusion, 

, (1) Ann. Ch. Phys. [3] XVI, S. 167 ; Pogg. Ann. LXVII, 562. 
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however, namely, that the cohesion of water was equivalent to the 
pressure of several atmospheres, he is certainly in error. In fact, no 
very great excess of cohesion is required to suspend in the body of 
the water the tendency to evaporate, which is nothing more than a the tempe- 
preponderance of the repulsive power; for this purpose, the very 
slightest preponderance of cohesion is sufEcient. It is true, Donny 
also supports his view on the well known fact, that fluids suspended 
in barometer-tubes sometimes do not descend in them, even when the 
open end is under the exhausting power of the air pump. It appears, 
however, that Donny, in explaining these phenomena, has not suffi- 
ciently considered the influence of the sides of the tube. The 
experiment would not have succeeded in wider tubes. 

Jloltzmann(l) has endeavoured to determine the cohesion of water, 
at different temperatures, by comparing the mechanical effect of the 
steam generated both with that deduced from the number of heat- 
units consumed, and with the mechanical effect of the unit of heat 
as ascertained by other considerations. The difference found was 
attributed to the heat required to overcome cohesion. In this 
manner, he arrived at the formula 607^ — l*1394t, which expresses, 
in units of heat, the cohesion of the weight-unit of water at 
different temperatures. 

By dividing this expression by 607, and multiplying it by 15,332, 
we obtain 15-332— 0’02878t being almost exactly the same value 
which Brunner had found for the elevation of water in a capillary 
tube of radius. Holtzmann regards this coincidence as firmly 
supporting the correctness of his theoretical views. He has, however, 
in calculating the formula, assumed the specific heat of water to be 
constant, which, for the higher temperatures, is certainly not admis- 
sible. Again, he has taken the vapour-heat of water as equal to 640, 
which is probably too high. As the coefficient of the expansion of 
steam, he uses the number Regnault has since proved by 

experiment, that even at a maximum density, it cannot differ 
much from that of air = The coincidence of the formula with 

that of Brunner is hence found to be accidental. And this cannot 
be well otherwise, since Brunner^s formula, although well adapted 
to deduce the cohesion of the water, is nevertheless not a directly 
comparable expression of the cohesion. 

A. Moritz(2), of Dorpat, in determining the resistance of water 

(1) Ueber die Warme und Elasticitat der Gase und Dampfe, Muinbeim, 1845, ab- 
stracted in Pogg. Ann. LXXI, 463 ; Arch. Ph. Nat. V. 357; Ann. Chem. Pharm. LXIV, 147. 

(2) Pogg. Ann. LXX, 74 ; Arch. Ph. Nat. IV, 39L 
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tigmpfm himself vof a method described by 

^^uloalb;^ consists in obserring the diminution of the rotaiy 
pe^eDfira PS^iHations of a metallic disc suspended horizontally in the liquid/ by 
of a fine wire, and rotating round its centre under the influence 
of torsion. He found that, with the marimum density of water, the 
resistance was likewise at its maximum, but that it gradually diminishes 
with the rise of temperature, and in a much more rapid ratio than 
the density of water; His experiments are represented within the 
very narrow limits of from 2*5® to 28® R. by the formula : 

c = 0*2513— 0*01118t + 0*0004387t3 — 0*000003258t2. 

ThisTesistance evidently depends on the cohesion, without however 
being proportional, as Moritz appeared to believe. It rather cor- 
responds to the resistance ofiered to fluids in their passage through 
tubes, which, as is well knovrn, is not caused simply by cohesion, but 
essentially by the unequal intensity of this force, when exerted in 
difierent directions, i. e, by the degree of fluidity. This perhaps 
explains the striking discrepancies of these results, and those already 
detailed. 

Change In Form of the Surface of a lilqnld hy another one. — ^Wil- 
son(l) has observed that chloroform, when placed in a clean glass ves- 
sel, exhibits a concave surface, which becomes convex on the addition 
of either pure or of slightly acidified water, and level when a 
solution of an alkali is poured upon it. Drops of chloroform, on a 
level surface under water, are instantly compressed and flattened on 
addition of an alkali, and instantly reassume their original form when 
the alkali is saturated with an acid. Chloroform sinks very slowly in 
pure or acidulated water, but with great rapidity in an alkaline solution, 
Dutch liquid, bisulphide of carbon ; the volatile oils heavier than 
water, behave similarly to chloroform, the latter however exhibits 
these phenomena most strikingly. Swan(2) has endeavoured to 
follow up this subject theoretically ; we perceive from his research, 
that he found the surface of chloroform, when under alkaline water, 
to be level, excepting at the sides of the glass vessel where it was 
convex; olive oil and sperm oil, when floating on pure water or on 
water slightly acidified with hydrochloric acid, exhibit a convex 
undersurface, which is levelled on addition of an alkali ; the same takes 
place with oil of lavender on the addition of alcohol. The convex 
surface of oil of cassia, under water, becomes level on the addition 
of either an alkali or of alcohol, thnt of oil of cloves by alcohol. 

(1) Chem. Soc. q«. J. I, 174., p-j \X\m. 3fi. 



MOLECULAR ACTIONS. 


9 


Swan gives the following determinations of capillary elevations~A g jg g 
representing the specific gravity^ B the diameter of the glass tube^ 
in English inches^ the capillary elevation. %wn 



A. 

B. C. 

A. 

B. 

[ C.- 

A. 

B. C. 

Chloroform . . 

1-493 

0-014 0*8 

1-493 

0086 

0-46 

1-493 

0*010 1*07 

Hydrochloric acid 

1 165 

„ 2*7 

1*167 

tt 

1-51 

1-167 

„ 3*73 

Solution of potassa 

, 1*343 

M 2-9 

1-105 

9t 

1-77 

1-105 

>. 4*61 


caplUary Depression of Mercury. — Erankenheim(l)^ with the 
aid of the syphon-shaped tubes above described^ has also examined the 
capillary depression of mercury with reference to changes of tempera- 
ture. He finds that the difference in height of both mercury levels 
increases as the thermometer rises, and it would appear proportional 
to the temperature. If the depression at the temperature t be 

II = h (1 + at) 

h representing the capillary depression at the starting temperature, 
the constant coefficient a expressing the influence of heat will fall 
according to Frankenheim, between 0*0013 and 0*0014. The 
coefficient for the expansion of mercury is known to be 0*00018. 
Hence, the difference in height produced by the capillary force, 
progresses much more rapidly than the expansion of the mercury 
increases, or what is the same, than its density diminishes. 

The depression of mercury in capillary tubes, is known to be due to 
the cohesion of the particles of mercury being greater than twice 
their adhesion for glass (Biot, Traite, 1, 448). Frankenheim 
attributes the depression of the mercury, increasing with the rise of 
temperature, to a simultaneous diminution of the cohesion of the 
mercury and of its adhesion to the sides of the tubes. If this explana- 
tion be correct, the adhesion ought to diminish more rapidly than the 
cohesion, in such a manner, that the latter w*ould tend to prepon- 
derate. Exact measurements of the top of the mercury column, 
at various temperatures, can alone decide this question. 

For calculating the capillary depression, Frankenheim gives the 
equation H““ = 4*0 + 0*0053t, which holds good however for 
very dry glass only, or, at the ordinary state of the atmosphere, 
for higher temperatures, because at lower temperatures the adhesion 
of the glass (and with** it the capillary depression) is lessened by the 
moisture with which it is covered. 


(1) rogg. Ann. LXXV, 229. 
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capiuary Thus, sccording to the above formula, we find at 0®, H ~ 4. It is 
ofmercury. Ibuud, howcvcr, actually to be 4*60.— 

The estimation of the capacity of glass vessels, which are either partly 
filled with, or closed by mercury, is rendered difficult by the inflection 
of the mercury toward the sides of the vessel. 

To ascertain the exact capacity, a knowledge is required of the 
position of a plane between the highest and lowest point of the 
meniscus, in such a manner that the fluid above exactly fills up 
the empty space below. D anger (1) has employed* the following 
method for finding out the position of this plane. Cylindrical tubes, 
varj^g in width, and ground level at the top, were filled with mercury, 
and the excess carefully removed by means of a flat piece of plate- 
glass, made to slide across. On taking off the plate, with the pre- 
caution that no mercury was spilt, a meniscus wras formed by the 
liquid separating from the sides, and rising in the centre. The 
ground glass rim is, in this case, the plane which is sought. Both 
the depression of the contact-line of the mercury below, and the 
elevation of its top above the rim, were measured by means of an 
appropriate telescope, provided with a micrometer-scrcw. The fol- 
lowing table contains an abstract of the results, A representing in 
milhmetres the interior diameter of the tube, B the elevation of the 
top of the meniscus above, C the depression of the base of the 
meniscus below the -rim of the glass, and D the total height of the 
meniscus. They hold good for a temperature of 16® C. It is to be 
regretted that the author has omitted to notice the atmospheric 
conditions, under which his experiments were conducted, that is, 
whether they were made with a moist, dry, or ordinary atmosphere, 
as it is well known that the height of the meniscus is by no means 
independent of these influences. 


A. 

B. 

C. 

D. 

A. 

B. 

C. 

D. 

A. 

B. 

C. 

D. 

1 

0*178 

0*143 

0*321 

10 

0*643 

0*900 

1*543 

28 

0*380 

1*302 

1*682 

2 

0*310 

0*261 

0-571 

12 

0*637 

0*988 

1*625 

30 

0-355 

1*325 

1*670 

3 

0*410 

0*369 

0*779 

14 

0*610 

1*056 

1*666 

35 

0*297 

1*375 

1*676 

4 

0*486 

0*467 

0*953 

16 

0*670 

1*110 

1*680 

40 

0*248 

1*415 

1*663 

5 

0*544 

0*558 

1*102 

18 

0*530 

1*157 

1*687 

45 

0*208 

1*450 

1*658 

6 

0*584 

0*643 

1*218 

20 

0*495 

1*190 

1*685 

50 

0*187 

1*480 

1*667 

7 1 

0*610 

0*710 

1*320 

22 

. 0*455 

1*224 

1*679 

55 

0*180 

1*511 

1*691 

8 

0*630 

0*782 

1*412 

24 

0*436 

1*252 

1*688 

60 

0*178 

1*540 

1*718 

9 

0*639 

0*844 

1*483 

26 

0*408 

1*278 

1*686 






(1) CompV Rend. XXVII, 381 ; Ann. Ch. Phys. [3] XXIV, 501 ; Pogg. LXXVI,297. 
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Endosiiiosi8« — It is well known> that the attention i)f idiy8icists ^ 
the phenomena of endosmosisj has* been attracted chiefly by t!^ 
observation that two liquids separated by a porous diaphragm^ 
impenetrable at small ^drostatic pressures^ wiU usually pass to 
each other in unequal quantities. Tlds was certainly a startling fact^ 
inasmuch as the mutual attraction of two liquids^ which, is the cause of 
their passing the diaphragm^ must evidently be equal on both sides; 
and physicists have consequently examined^ with much eagerness^, 
the proportion in which various liquids pass to each other. The 
instrument most frequently used for this purpose, is Dutrochet^s 
endosmtmeteTj which consists of a narrow glass tube, the lower 
extremity of which, widening in shape of a funnel, is closed with a 
bladder ; this tube partially filled with the one, usually the heavier, 
is introduced into the other liquid. This apparatus, however, does not 
admit of thq differences of level, at the various periods of the experi- 
ment, being measured with perfect accuracy, since every variation of 
the hydrostatic pressure^ in the endosmometer-tube, involves at 
once a change in the turgesccnce of the bladder. To avoid this 
inconvenience, Vierordt(l) has devised another disposition of the 
apparatus, which enables him to keep the pressure on both sides of 
the membrane perfectly equal, without interfering in the slightest 
degree with the changes gradually affecting the difference of level 
of the two liquids. He accomplishes this object by proportionally 
increasing the atmospheric pressure exerted upon the surface of the 
liquid, the volume of which is diminishing, by means of a very 
ingenious arrangement, pointed out to him by Eisenlohr, which 
indicates at once the slightest disturbance in the equilibrium of both 
liquids. Further details are unintelligible without the assistance of 
drawings. 

Vierordt has examined, by means of this apparatus, the endos- 
mosis of water, with regard to solutions of sugar and sea-salt of 
different degrees of concentration. It is evident from his inves- 
tigation, that for an equal duration of the experiments, the difference 
of the velocities exhibited by the currents proceeding in oppog^te 
directions actually increases, with the amount of substance originally 
dissolved in a given volume of water, without however being 
accurately proportional to it, as Dutrochet had asserted. In all expe- 
riments, the proportion in which the volumes increase, was found to 
be smaller than that of the original densities. 


(1) Pogg. Ann. LXXIII, 519; abstracted from Griesinger’s Archiv. fur Physiolo- 
gische Heilkundc. 
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**iS?“*^ ctodosmosis of various saline solutions 

mtii has availed himself 6f b methodidifferent from the endos* 
hiotoetoic procedure hitherto followedL He introduced the solution 
be examined into an open glass tube, one end of which was closed 
by bladder, and ascertained the gradually ensuing changes of quantity 
weighing ; the external liquid, the water, being frequently changed, 
was kept as uniform as possible, until the weight of the tube was 
no longer aflected, except by evaporation. The tube now contained 
distilled water, the dissolved matter having been entirely eliminated. 
The influence of evaporation was ascertained by means of a check 
tube, partly filled with water. 

Jolly found in this manner, that certain quantities of soluble 
substances, whether dry or in solution, when passing into water, the 
temperature remaining unaltered, are replaced by proportional quan- 
tities of the fluid, which he calls endosmotic equivmfents ; at a 
temperature near 0®, sea-salt, e. g. was replaced by from 4*3 — 4*6 
times, Glauber*s-salt, by from 11—12 times its weight of pure water. 
This proportional amount of water, or the endosmotic equivalent, is how- 
ever dependent upon the temperature, with which it increases. — Among 
various liquids, examined for the most part at low temperatures, 
potassa-solution required by far the largest amount of replacing water, 
more than 200 times the weight of the alkali ; the endosmotic equiva- 
lent of neutral sulphate of potassa was found to be 12, that of the 
acid salt 2*8, that of hydrated sulphuric acid only 0*35. 

The knowledge of the endosmotic equivalent of a substance, enables 
us to calculate the weight eliminated by a certain observed amount 
of replacing water, quite independently of the quantity originally 
dissolved, or of the concentration of the solution. 

With the aid of his endosmotic equivalents. Jolly has also calcu- 
lated the time requisite for the passage of certain quantities of soluble 
substances, c. g. of 61auberis-salt, through a membrane of a certain 
size, into water. For this purpose, the additional hypothesis was 
necessary, that the amount of substance passing in the unit of time^ 
was, emteris paribus, proportional to the density of tlie solution. The 
cldse coincidence of the calculated spaces of time, with those observed in 
eiq>eriment, removed any doubt that might have remained respecting 
the correctness of the above supposition. 

Butrochet^s assumption Uiat, for an equal duration of the 

(1) Henleand Pfeufer’s Zeitschr. fur rationelle Medicia, Yll, 83 ; in abstract, Ann. 
Ch. Pharm. LXVIII. 1. 
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experiment, the intensity of the endoamosis was ptoportidhiEd to the 
original density of the solution, already pointed out by Vierordt as 
erroneous, is, moreover, proved to be incorrect by J olly^s results. 
Calculation, as well as Vierordt^s experiments, shows that the amount 
of water passing, is somewhat larger in the case'of lower densities. : 

It would be very important to confirm, by a* more extensive series 
of experiments, the two laws resulting from Jolly^s resdirches; 
viz., firstly, that the amount of salt permeating the membrane 
in the unit of time, is proportional to the density of the solution; 
and secondly, that, quite independently of this density, the quantity 
of* salt eliminated in a certain time is replaced by the passage of an 
cndosmotically proportional amount of water. Such a confimation, 
when more general, would be an important support of the view, — 
that from the saline solution, salt-molecules only pass into the water, 
whilst the latter sends particles of pure water only into the salt 
solution. • 

Jolly explains, in a peculiar manner of his own, the unequal 
faculty exhibited by two liquids, of passing to each other, when sepa- 
rated by a porous diaphragm. It is based upon the hypothesis, that 
the porous substance simultaneously absorbs the two liquids, 
although in unequal proportions, according to its relative faculty of 
absorption. In this general form, however, the assumption is in 
opposition to various results of experience. Blotting paper, f. i. 
is wetted both by water and by oil. But when once soaked with 
water, it is perfectly impervious to the passage of oil, even under 
considerable pressure ; whilst the latter is easily displaced from the 
pores of the paper by the former. It is evident that a porous sub- 
stance is capable of simultaneously absorbing two liquids, only when 
they are miscible with each other ; in other words, when they are 
endowed with a powerful mutual attraction ; in this case, however, 
we do not require an hypothesis, not demonstrable by experiment, in 
order to comprehend the passage of two liquids through a porous 
diaphragm, even if no attraction were exerted upon one of them by the 
porous body. The absorption of two hquids ensues unequally, because 
one of them is acted on by two forces, namely, by the difference of 
the unequal adhesion of the two liquids to the diaphragm, and 
by the chemical attraction, whilst the other enters the pores jmder 
the inflqence of the latter force only. A gradual mixture of the 
two liqqjids would take place also without the presence of a mem- 
brane ; the introduction however of a diaphragm, when endowed with 
a different degree of adhesion for both, must evidently alter the 
relation, in which the mixture proceeds. A salt-solution and pure water 
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being separated by a piece of bladder^ . for instance^ the former will 
receive more particles of water than the latter will particles of salt ; 
the tendency to mix^ exhibited by the two liquids^ is due to two forces^ 
opposite^ but exactly equal ; the adhesion, however, on both sides, is 
unequal. Accordingly, a volume of water, passing through the 
bladder into the salt-solution, cannot be replaced by an equal bulk of 
salt-water, since, the active force being unequal, the water moves with 
greater velocity. The whole question now turns upon the argument, 
that two liquids, unequally permeating a porous substance, actually 
exhibit an unequal adhesion to this substance. 

For this purpose, Liebig(l) has examined the absorptive po\^er 
of animal membrane in relation to pure water, solution of sea-salt, 
spirits of wine, and oil of marrow. He found that 100 parts, by 
weight, of dry ox bladder absorbed in 24 hours : 

Pure ^ater 268 vol. 

Sea-salt solution, brine (1*204 spec, grav.) . 133 „ 

Spirits of wine of 84 per cent . . . . 38 „ 

Oil of marrow 17 „ 

100 parts, by weight, of ox-bladder, absorbed in 48 hours : 

Pure water 310 parts by weight. 


Of a mixture of ^ water, an<i i sea-salt solution 219 

II 

»» »> 

II II 

i 

II II 235 

II 

i» II 

^ II II 

i 

II II 288 

II 

It II 

^ alcohol and ^ 

water 60 

II 

II II 

i II II 

f 

II 181 

II 

II II 

^ II II 

i 

„ 290 

II 


100 parts, by weight, of dry pig^s bladder absorbed in 24 hours : 

Pure water 356 vol. 

Saturated solution of sea-salt . . 159 „ 

Oil of marrow 14 „ 

Now, if we consider that animal membrane possesses a very appre- 
ciable elastic force, which opposes the turgescence attending the 
imbibition of a liquid, we are justified in concluding that the cause of 
the absorptive power, i. c. the adhesion of the membrane to the liquid 
is propoi^ional to the quantity absorbed. He found, indeed, that 
animal membrane, saturated with water, shrinks by the prepon- 
derance of the elastic force, as soon as this water is converted on 
addition of alcohol into a mixture of inferior penetrative power, and 
loses a portion of its former contents. 


(1) Researches on the Motion of the Juices in the Animal Body, edited by Gregory ; 
London, Taylor, Walton and Maberly. 
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On covering with pure water *a piece of bladder saturated with oil, 
the latter is expelled and replaced by the same amount of water, which 
would have been absorbed without the previous introduction of oil. 

If a bladder, previously soaked in brine, be covered with pure 
water, the brine appears in drops on the other side, and every par- 
ticle of salt would probably soon be expelled, just as in a former 
case, the oil, the pores of the membrane becoming filled with pure 
water ; unless an additional force was exerted in this case, by the 
faculty which belongs to these two liquids of mixing with each other ; 
under the influence of this new force, a portion of the salt moves 
in the direction of the water. A necessary consequence of this 
deportment is, that a membrane, when placed as a diaphragm between 
water and brine, must take up a mixture of both, in which, however, 
while the mixing proceeds in both directions, the proportion of water 
must always predominate. How much the process of endosmosis 
•depends on the relation of the porous diaphragm to the sepa- • 
rated liquids, is strikingly exhibited by the well known phenomenon, 
that alcohol, mobile as it is, passes through the membrane into 
water, in much smaller proportion than the latter liquid into alcohol. 
The reverse takes place if a thin sheet of collodion is selected as the 
diaphragm (Liebig). ^ 

The unequal attractive force, exerted by the material of the 
animal tissues, when separating various liquids, acts, as it were, like 
mechanical pressure, which is stronger from one side than from the 
other (1). 

If a bent glass tube, whose shorter limb is closed with bladder 
after having been partially filled with brine, be introduced into pure 
water, the bladder being below the level of the liquid, we find, on 
introducing mercury into the longer limb, that at a certain height of 
the latter, the mixture of the two fluids will take place without 
change of volume. The action of the bladder, preponderating in one 
direction, is balanced by the pressure of the mercurial column, under 
whose influence the amount of brine displaced becomes equal to the 
quantity of water which enters. This experiment also refutes the 
view, stiir widely prevailing, that animal membrane being, when dry, 
almost impenetrable to atmospheric pressure, is, when moistened, 
incapable of transmitting hydrostatic pressure through its capil- 
lary pores. Liebig has endeavoured to measure directly the 
force requisite for pressing various liquids through the pores of 
animal membranes; he finds, that generally this force diminishes 


(1) Researches on the Motion of the Juices, &c., 51. 
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in proportion to the increased facility^ exhibited by the porous sub- 
stance^ of swelling up^ when absorbing a liquid. This force bears no 
relation to the degree of fluidity. 

Thus w^ater passes an ox bladder of ^th of a line in thick- 
ness^ when^ under the pressure of 12 inches^ a saturated sea-salt 
solution at from 18 — ^20 inches, and oil (of marrow) at ^4 inches. 
A pressure of 36 inches was not capable of effecting the passage 
of alcohol. 

When the membrane used is the peritoneum of the ox -g^oth of a 
line in thickness, water is forced through it by from 8 to 10 inches,^ 
brine by 12 — 16 inches, oil by 22 to 24 inches, and alcohol by 
36 — 40 inches of mercury. 

This pressure, however, does not remain constant ; if the experiments 
are continued for any length of time, it in fact diminishes; the 
membrane, by long' contact with water, evidently undergoing a change 
in consequence of which the pores become widened. • 

If a space filled with water be closed by bladder, one side of which 
is kept wet, whilst the other is surrounded by the atmosphere, the 
moisture will evaporate at the outer surface, being?' however, con- 
tinually replaced by water passing from the inner portion through 
the membrane. 'The Uquid^thus acquires a motion towards the 
evapoi'ating surface, it gradually diminishes in quantity and in the 
same proportion the external pressure on the walls of the vessel is 
increased ; fluids brought into contact with the outer surface of the 
bladder, c. g,, waW, aqueous solutions, oils, spirits of wine, &c., may 
be forced by this pressure into the interior of the space, and this 
passage takes .place even through several layers of bladder. 
Liebig(l), who illustrates this deportment by numerous instructive 
experiments, arrives at the conclusion, that the cutaneous transpira- 
tion, and the evaporation taking place at the surface of the Inngs, 
must necessarily' establish -a* similar motion of the juices in the 
animal body, namely, a motion towards the evaporating surface. He 
mentions the almost forgotten, but highly remarkable observations 
oh the moladn of the sap in plants, made more than 120 years ago 
by Stephen Hales, from which he inferred, even at that period, 
that it is the.^ evaporation from the’ branches, leaves, flowers, and 
fruits,' whidh.cduses not only the absorption of the water in the roots, 
but likewise its ascent to the top of the'highest tree(2). 


(1) itesearches on the motion of the Juices, &c., (Comp. p. 71). 

(2) Ibid. 77. 
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ATOMOLOGY. 

CrystalllaEatlon. New method of obtaining Crystals In the dry 
Way. — Ebelmen(l) has described a new method of obtaining various 
compounds in a crystallized state^ by which minerals may be arti- 
ficially imitated.* He employs a substance capable^ under the 
influence of a powerful heat, of dissolving the constituents of the 
compound to be prepared, and itself volatile at this temperature, so 
that the compound separates on the evaporation of the solvent. Such 
substances are boracic acid and borax. By continuously heating 
in the porcelain furnaces of Sevres a mixture of alumina and magnesia 
with fused boracic acid, he obtained, on cooling, a mass interspicu- 
lated with small crystals, possessing both the physical properties and 
the chemical composition of spinel (MgO, Al^ O3), and to which a 
pink, blue or black colour could be imparted by the addition to the 
ingredients of sesquioxide of chromium, protoxide of cobalt, or sesqui- 
oxide of iron. Exactly in the same manner, and of the same crystal- 
line form (regular octohedron) he prepared the compounds Of alumina 
with the protoxides of manganese, of iron and cobalt, and with lime ; 
tliose of sesquioxide of chromium and alumina, with protoxide of iron 
and magnesia ; of the sesquioxides of cEromium and iron with prot- 
oxide of iron; and lastly, those of sesquioxide of chromium with 
magnesia, and with protoxide of manganese. In the same manner 
microscopic crystals of cymophane (chrysoberyl, aluhiinate of berylla, 
BeO, Alj O 3 ) were artificially obtained ; and also a crystalline com- 
pound of alumina with baryta. Sesquioxide of chromium, when mixed 
with carbonate of lime and fused boracic acid, and exposed persistently 
to a powerful heat, crystallized. Emerald likewise was found to be 
soluble in boracic acid, from which it separated in the crystalline 
state, and peridote (chrysolite) was formed artificially with all the 
properties of the mineral. Instead of boracic acid, borax was success- 
fully used for crystallizing alumina with the properties of corundum. 

Formation of Crystals.— —Knop(3) has communicated observations 
on the formation of crystals, especially respecting - their distortion, 
aggregation, striation, &c., in the case of alum. We refer to the 
paper, the details being unintelligible without the aid of drawings. 

Crystallography. — ^New views on crystallization knd crystallo- 


(1) Ann. Ch. Phys. [3] XXII, 211 ; J. Pr. Ch. XLIII, 472 ; in abstract Compt. Rend. 

XXV, 279, 661 ; Ann. Ch. Pharm. LXVIII, 261 ; Phil. Mag. [3] XXXI, 311 ; XXXIl, 
312. ' 

(2) J. Pr. Chem. XL. 90; XLI, 81. 

VOL. I. ® 
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^Jrapiiy^ graphy, have been communicated by Leeson(l). He finds that the 
method of classification now in use (there is, however, only one 
method generally acknowledged by the crystallographers of the 
present time) are, in many instances, imperfect and obscure, and 
that, the nomenclature is more or less confused and inappropriate. 
The difiiculties encountered in 1808 by Bournon, when engaged 
in determining various modifications of crystals of the same sub- 
stance, are again attacked by Leeson, and in his endeavours to 
remove them he has not availed himself of the labours of German 
crystallographers in the same field. Leeson follows a method, by 
means of which he points out numerous errors committed in the 
determinations made up to the present moment ; — (in fact, apophyllite 
had never been determined as crystallizing in rhombic dodecahe- 
drons j the six-sided prism, terminating pyramidally, had not yet 
been considered as a simple form ; calc-spar had not been observed 
in forms closely approximating those of fluor-spar and galena; 
garnet, analcime, and calc-spar, had not been adduced as arguments 
for the occurrence of the same form, &c.). Our space will not admit 
of following the author through his memoir in further detail. 

In the magnetic iron of Achmatow, according to Kokscharow(3), 
the hexakisoctobedron -J- 0 is met with in subordinate combina- 
tion. 

Dana(3) has published a paper on the laws of cohesion. He 
inclines to the view, that the passage of inorganic bodies from the 
liquid into the solid state, is invariably attended with the assump- 
tion of crystalline structure. His notion is, that the smallest sphe- 
rical or spheroidal particles of bodies are endowed with particular 
lines (axes), to which attraction is principally exerted, and the ter- 
minations of which exhibit a difierenoe of polarity. In more 
fuUy developing this view, he endeavours to deduce the crystal- 
lographical and crystallophysical properties of bodies. For details, 
we refer to the original, as speculative investigations of this kind do 
not admit of a short abstract. In a special consideration of the 
crystallization of snow, Dana(4) has given a more detailed illustra- 
tion of his views. 

Hemihedrism. — ^The crystallographical law, that corresponding parts 
of a crystalline form are uniformly altered by combination, suffers an 
exception whenever the form combining with the fundamental one is 


(1) Chem. Soc. Mem. Ill, 486—560. (3) SiU. Am. J. [2] IV, 364. 

(2) Pogg. Ann. L^XIII, 188. (4J Ibid. [2] V, 100. 
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hcmihedric. Riviero(l) contests this exception, which, in his opinion, 
is only apparent ; he asserts (on observations made with sulphate of 
magnesia and with boracitc) that in corresponding parts of the funda- 
mental form, the same planes of combination invariably occur, but that 
some of them are so minute as to be invisible without a lens, and 
frequently even with its assistance. It is difficult to conceive, how 
these observations oppose the doctrine of hemihedrism, and how they 
can be considered as an argument, that Hauy^s law of symmetry 
holds good in all cases. Even if all the comers of a cube of boracite 
are truncated, the truncation, as is well known, is by no means 
uniform, inasmuch as the planes of the one tetrahedron exhibit a 
physical deportment different from those of the other. 

Teratoiogry of Crystals. — Holgcr announced in 1837, that he 
intended to enrich mineralogy by the pathology of minerals, i.e., by 
the investigation of the question, how far minerals may be diseased 
in composition, form, or origin. Part of this scientific field has been 
selected for cultivation by Baudrimont(2), who communicates 
researches on the Teratology (doctrine of monstrosities) of crystals, 
commencing with observations on calc-spar. He has examined its 
cleavage, which, for the most part, "was found to be different in 
crystallographically equivalent directions ; he has likewise investi- 
gated the lustre, &c., of the planes, and the angles formed by the 
terminal edges in one and the same crystal (the principal rhombohe- 
dron). The influence of geminal formation is not considered. 

DifTerence of Ansies in Crystals. — In a note on the causes of the 
angular differences in artificial crystals, Nickl6s(3) attributes the dis- 
crepancies (sometimes exceeding a degree), occurring in his measure- 
ments of different crystals of bimalatc of ammonia, to the presence of 
impurities not appreciable by analysis. 

lUicrocrystailomctry. — ^An instrument for the determination of 
microscopic crystals, by measuring their angles, has been de- 
scribed by Frankenhcim(4). The moveable eye-piece of the 
microscope is furnished with a graduated circle, the body with 
a vernier, cross wires being placed in the focus of the eye-picce. 
The apex of the angle to be measured being placed in the centre 
of the cross, and one of its limbs being covered by one of the 
wires, the eye-piece is turned until the other limb appears under the 
same wire, when the amount of the rotation is read off. Franken- 
heim has not recorded any accurate determinations made by means of 


(1) Compt. Rend. XXV, 638. (3) Ibid. XXVII, 270 ; J. Pr. Chem. XLV, 372. 

(2) Ibid. 668. (4) Pogg. Ann. XXXVII, 637. 
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this instrument ; nor have any such results been published by Cheva- 
lier.(l)^ who proposed two glass plates rotating upon each other^ 
each having a diameter ruled with the diamond^ which is made to 
coincide with one of the liinbs of the crystal-angle to be measured. 
Pacini(2), likewise, who proposed to turn the object, the stage of 
the microscope being provided with a rotating graduated circle, 
mentions no determinations made according to his plan. 

G. Schmidt(3) has carefully investigated a series of crystalline 
substances accor^ng to Frankenheim^s method, which he has 
minutely examined as to sources of error, &c. By these observations 
the applicability of this method is established beyond any doubt. 
Interesting in this respect, is a comparison given by Schmidt (4), of 
his results obtained in microscopically measuring the crystals of 
phosphate of magnesia and ammonia, with those of Teschemacher, 
who, working with larger crystals of the same compound, as found in 
guano (Teschemacher^s guanite, identical with Ulex^s struvite) 
availed himself of the reflecting goniometer. This compound belongs 
to the rhombic system. The ratio of brachydiagonal, microdiagonal, 
and principal axis, was found to be : 

0-5441 : 1 : 0*6241 by Schmidt. 

0*5429 : 1 : 0*6233 by Teschemacher. 

More complicated for ordinary measurements, is an arrangement 
described by Leeson(5), who proposes to substitute for the cross 
wires a doubly refracting prism, of such dimensions that the two 
images of the object obtained therewith, are not perfectly separated 
from each other. A plane angle of a crystal is measured under the 
microscope, by revolving the tube containing the prism until both 
images coincide, first in the direction of the one, and then in that 

of the other side of the crystal ; the amount of rotation gives the 

angular distance. 

Goniometer. — ^MatthieBen(6) has described an instrument to be 
used both as a mechanical, and as a reflecting goniometer. 

Connection between Composition and erjrstalllne Form. — Researches 
on the most recondite causes of crystalline form have been com- 
municated to the Academy of Paris by Gaudin(7). He confines his 

(1) Des Microscopes et de leur usage, etc. ; Paris, 1839. 

(2) Nttovi Annali delle-Sdenze Naturali di Bologna, 1845, Novembre. 

(3) Krystrilonomische Untersuchungen, Oder Entwuif einer allgemeinen Unter- 
suchungsmethode der Safte und Excrete im thierischen Organismus. Mitau u. Leipz. 
1846. 

(4) Ann. Cb. Phann. LXI, 323. (6) Compt. Rend. XXIV, 781. 

(5) Chem. Soc. Mem. Ill, 550. (7) Ibid. XXV, 664. 
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communication to the consideration of examples of six-planed and 
twelve-planed bipyramidal molecules^ and of the three forms derived 
therefrom, namely,, the rhombohedron, right and oblique rhombic 
prism. According to Oaudin, the form of a crystal is determined by 
the number and nature of its atoms; 3 atoms A form an equilateral 
triangular base, 2 atoms B an axis crossing it ; 3 A 2 B, there- ' 
fore, une double pyramids triidrey (fesUa^dire un hexaidre ; alu» 
minSy sesquioxyde tie ferP The common expressions of crystallo- 
graphical nomenclature appear to be used in this paper in a pecu- 
liar sense. Nitre, as to its crystalline form, (jGraudin, certainly 
did not think of Frankenheim^s statement) appears side-by-side 
with calc-spar, and with quartz; felspar too, would crystallize in 
rhombohedrons, if pure; but it contains water and an excess of 
silica, and has an axis 7 atoms in length, which will not admit 
of its crystallizihg as a right rhombic prism. If the reader should 
not understand these specimens of Oaudin^s theory, he must 
patiently wait until the publication of the whole of the system, to 
which Oaudin refers afin d^itre mieux compria,^^ 

The connection of crystalline form and chemical composition has 
been likewise investigated by Delafosse(l) ; his researches also 
have been communicated only in abstract. According to his opinion 
the components of a chemical compound constitute partly the 
nucleus and partly the shell of a crystalline molecule, whose form is 
determined by the number of atoms composing both the nucleus and 
the shell. In the regular system, simple (holohedric) forms occur, of 
6, 8, 12, 24 and 48 planes; alum, crystallizing in the regular 
system, contains 24 atoms of water which are shell-atoms, each 
of them corresponding to a plane of the crystalline molecule. In 
the case of substances which also exhibit tetrahedric planes, we find 
the number of the supposed shell-atoms suddenly compared with 
the number of planes, not of a simple form, but of a combination ; 
in this case 4 had to be added to the above numbers. In a similar 
manner Delafosse conceives the formof square-prismatic and of hex- 
agonal crystalsj and promises, in a coniwuation of his investigation, to 
apply the knowledge thus acquired to the exposition of the siliceous 
minerals ; this application, however, was possible only by adopting 
Si 0 as the formida of silicic acid, and by no longer representing 
the silicates, as had been frequently done, as double compounds, t. e. 
by no longer arranging silicic acid with alumina and the other 
bases (of the formula Me O of course). This conclusion, and the 


(1) Compt. Rend. XXVI, 90. 
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^etw«en“ acquaintance with*an octohedric borax crystallizing with 5 eq. of 
form sufficient data for a proper estimation of Delafosse’s 

c* 7 *^une yiews. Moreover, the fundamental principle of these views has been 
claimed by Baudrimont(l), who does not, however, agree with its 
elaboration by Delafosse; his reclamation of priority has been 
answered by Delafosse( 2 ). 

Laurent, by applying ^me peculiar views of his own, endeavours 
to explain the ffifferences presented in the analyses ef substances, which, 
on the ground of their physical properties, and especially of their crys- 
talline form are considered as belonging to the same species, (epidote, 
for instance). By the same views he tries to remove the anomaly of 
similar crystalline forms occurring with oxides and sulphides, which, 
according to opinions pretty generally adopted, are represented by 
different chemical formulse. Laurent(3) believes that the oxides 
of the formula Me^ O 3 likewise contain an equal number of atoms of 
both constituents, and are capable of replacing, in varying propor- 
tions, and without change in the crystalline form, the other oxides of 
the composition (MeO). He assumes, for instance, for sesquioxide 
of iron, a composition similar to that of the protoxide ; in his opinion 
sesquioxide of iron contains 1 atom of oxygen and 1 atom of an iron, 
with an atomic weight different from that of the iron in the protoxide. 
In a similar manner he proceeds with the sulphides. 

Pasteur(4) has instituted researches on the connection between 
chemical composition, crystalline form, and direction of circular 
polarization. He points out that, in all tartrates (neutral, acid and 
double salts) planes of approximately the same inclination are 
observed; all tartrates exhibited a similar construction in one part, 
and it was only about the boundaries of this part that different 
planes and different terminations generally occurred. The racemates 
resemble, in this respect, the tartrates. It appears that the prismatic 
nucleus of the crystalline molecule in all these salts is formed by 
the proximate constituent of invariable composition, while the varying 
quantities of base, or water of crystallization, accumulated towards 
the end of the molecule, give rise to dissimilar formation. Pasteur 
^hen points out the occurrence of hemihedric formation in tartrates; 
he states that hemihedrism might be exhibited sometimes by the one, 
sometimes by the other of the homologous terminating planes, so 


(1) Compt. Rend. XXVI, 209. 

(2) Ibid. 335. 

(3) Ibid. XXVII, 134; Pharm. Centr. 1848, 679. 

(4) Ann. Ch. Phys. [3] XXIV, 442; the abstract, Compt. Rend. XXVI. 535; Inst. 
1848, 157, is completed by thereportof Regnault, Balard, Dumas, and Biot, Compt. 
Rend. XXVIl, 401 ; Instit. 1848, 334. 
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that hemihedrically-formed crystals of the one kind presented a catop- 
trie image of those of the other; he distinguishes both kinds as 
right and left hemihedrism. With tartrates only one kind of hemi- 
hedrism occurred, and all of them, when in solution, turned the plane 
of polarization in the same direction. Of the various crystals depo- 
sited from a solution of the common racemate of soda and ammonia, 
(which, according to Mitscherlich, does not turn the plane of pola- 
rization), some exhibited right, and others left hemihedrism ; the two 
kinds of crystals, collected, separated, and dissolved, turned the plane 
of polarization, the former in the one, the latter in the other direction. 
These two kinds of crystals yielded, by treatment with soda, a simple 
soda-salt, turning the plane of polarization, either to the right or to 
the left hand, in perfect accordance with the direction imparted 
by the double salt used in ks preparation; the acid separated 
from one or the other of the double salts was likewise endowed 
with a rotating power in the one or the other direction. The common 
racemic acid of chemists, (which does not turn the plane of polariza- 
tion,) hence contgined two acids of opposite rotating power, one 
of which was most likely tartaric acid. Pasteur thinks it probable 
that all substances producing circular polarization are hemihedric; 
in sugar this is certainly the case. 

The researches of Pasteur afforded an opportunity to Laurent(l) 
of reminding us of some views proposed by him at an earlier period, 
and which did not obtain the approbation of inquirers. He is positive 
on the following points : 1. That a body might possess two distinct, 
but similar forms, and that a transition from one into the other could 
take place under trifling influences ; 2. That two different substances 
of analogous composition could be isomorphous, even when belonging 
to different systems of crystallization, i. e. a cube could be isomor- 
phous with a rhombohedron, the edges of which form an angle of 
nearly 90®, an hexagonal prism with a rhombic prism of an edge- 
angle of nearly 120® ; 3, That bodies belonging to the same series of 
chemical compounds, but not presenting an analogous composition, 
(not exhibiting in their formulae the same number of elementary 
atoms,) could be either entirely or partially isomorphous or hemi- 
morphous. Substances similarly shaped in one, dissimilarly shaped 
in other directions, are, according to Laurent, hemimorphbus. 

Assertion 1) is stated to be confirmed by Pasteur's observations ; 
we shall consider them below (p. 25). Assertion 2) is true only if 
wc limit ourselves to an approximate consideration both of the form 

(1) Compt. Rend. XXVI, 632; J. Pharm. [3] XIV, 209. 
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angles of a crystal, the consideration of the question, to which 
tkSn^* law of symmetry a form is to be referred, i. e. of the system of 
crystallization to which it belongs, being altogether neglected ; in the 
case instanced by Laurent, of a cubic substance A being isomorphous 
with the rhombohedric B, most crystallographers would more correctly 
state, the substance A crystallized as a rhombohedron, the edges of 
which happened to agree closely with 90®. — Assertion 3)^ finally is 
stated to be confirmed by Paste ur^s observations on the tartrates 
(p. 22). All depends here on the conception of the term isomor- 
phism ; the original meaning being that of equal or similar form with 
analogous composition ; Laurent^s appears to be that of equal or 
similar form with a somewhat similar composition (c. g. the presence 
of the same acid in several salts) ; the latter conception is extremely 
vague. As an additional support o£ the correctness of assertion 3), 
Laurent adduces, moreover, that acetate and butyrate of copper 
exhibit the same crystalline form (with the latter only the com- 
bination 00 P. o P of the monoclinometric system was observed), 
notwithstanding that the former salt contains 1 eguivalent, the latter 
2 equivalents of water of crystallization. According to Lies(l), 
however, the latter salt also contains only 1 equivalent of water of 
crystallization. 

In conclusion, Laurent mentions that an analogy of composition 
might be constructed for the concordant form of calc-spar and 
nitrate of soda (a possibility already pointed out by Schaffgotsch(2), 
and that for the formulae N Na Og and C 2 Ca^ Og, the specific volumes 
of both salts are found to be nearly, the same (an accordance already 
pointed out by H. Kopp(3). ' 

Nickles(4) also has mentioned some instances in which the simi- 
larity of components is manifested in a similar elaboration of form at 
one part, whilst the diversity of constituents is exhibited in a dis- 
similar elaboration beyond this part. He considers formiate of 
baryta (anhydrous), acetate of baryta (which contains 3 equivalents 
of water), and metacetate of baryta (which contains 1 equivalent of 
water) as hemimorphous, in Laurent^s acceptation of the term; 
it is true, the crystals of the former salt are rhombic, those of the 
two other salts monoclinometric ; in ijll three, however, we find 
prismal planes, exhibiting an inclinhiion under nearly the same 
angle. Nickles^ statements respe<iting the acetate with 3 equiva- 
lents of water, differ however from those of Brooke. The simdarity 

(1) Compt. Rend. XXVIl, 321. (3) Fogg. 458. 

( 2 ) Fogg. Ann. XLVIII, 335. (4) Compt. Rend. XXVIl, 611 ; Instit. 1848, 390. 
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of composition refers in this case to the^acids belonging to om series. 
Chlorate and perchlorate of potassa, likewise, according to Nickles, 
are hemimorphous ; these two salts, also, crystallize in iwo different 
systems. 

Dimorphtsm. — Several physicists have endeavoured to demon- 
strate a certain relation existing between essentially different forms, 
affected by the same chemical compound, or to reduce one to the 
other j long ago calcareous-spar and arragonite elicited such in- 
quiries, and at a later period (1824) the rhombic and monoclino- 
metric crystals of sulphur have been considered from a similar 
point of view by Kupffcr(l). More recently, a more extensive scries of 
dimorphous substances have been examined in this respect by 
Pasteur(2\ Ee thinks that he is able to demonstrate that isomor- 
phism is only an apparent anomaly in the laws of crystallization. 
In the various modifications of a dimorphous substance, the 
difference was more exhibited in the law of symmetry, than in the 
fundamental form; in all of them, fundamental forms might be 
traced, of dimensions closely concordant or bearing a simple relation 
to each other. He first endeavours to demonstrate this in the case 
of sulphur, whose monoclinometric crystals affect the form of a prism, 
the lateral planes of which are inclined at 90® 82' and 89® 28', whilst 
the angles formed by the lateral and terminal planes are 94° 6' 
and 85® 64' ; in the rectangular prism of the rhombic system, 
to which the other modification of sulphur belongs, all the angles 
are = 90®. Again, in both monoclinometric and rhombic sul- 
phur, planes occur exhibiting nearly the same angle with the 
terminal planes. Pasteur considers the fundamental form in both 
modifications of sulphur to be nearly the same, the angles of inclina- 
tion of certain planes being very similar, whether the crystallization 
of the sulphur was influenced by the law of symmetry of the rhombic or 
monoclinometric systems. — In a similar manner, Pasteur considers 
other dimorphous substances ; several relations pointed out by him 
are very interesting, but neither a general law, nor even a confirma- 
tion of his view, can be deduced from his investigations. Angular 
differences, amounting to 3® or 4®, not being regarded in the funda- 
mental forms of the different modifications, there is no form in any 
system which could not, on the law of the change of axes in simple 
relations, be made comparable with every other form within these 

(1) Pogg. Ann. II, 423. 

(2) Ann. Ch. Phys. [3] XXIII, 267 ; in abstract, Compt. Rend. XXVI, 353; J.Pharm. 

[3] XII, 453 ; Instit. 1848, 94. 
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limits^ particularly if forms are considered comparable^ which are as 
dissimilar as an oblique rhombic prism^ and a right rectangular prism 
(the latter being the same for all substances belonging to the rhombic 
system, and, consequently, not characteristic of any one). Pasteur^s 
view, that dimorphism depends more upon the law of symmetry than 
on the dimensions of the fundmnental form, is in strong opposition 
to the fact, that the different modifications of dimorphous substances 
may belong to the same system o{ crystallization. He endeavours 
indeed to remove this contradiction, by asserting that such modi- 
fications v^ere not isomorphous, but isomeric; this, however, leads 
him to contradict his own theory, inasmuch as he starts with 
considering dimorphous substances generally as a class of 'isomeric 
bodies, and this confusion is by no means cleared by his afterwards 
pointing out that those substances are isomorphous in which the mole- 
cular arrangement is subject only to slight variations. — ^The arbitrary 
nature of Pasteur^ s comparisons is evinced, moreover, by the circum- 
stance that Kupffer, (with whose investigations Pasteur appears to 
have been unacquainted), by comparing the two forms of sulphur in a 
perfectly different position, arrived nevertheless at a much closer 
concordance of the angles. — ^Pasteur^s results are contradicted also 
by the following fact: sulphate' of protoxide of nickel (NiO, SO 3 
H- 7 HO) occurs in square-prismatic and in rhombic crystals, in 
the latter case, in prisms nearly rectangular. — ^According to Pasteur, 
the section of these prisms, which is nearly square, corresponds to 
the square one of the other modification ; he considers the principal 
axis of the square crystals to correspond with the principal axis of the 
rhombic modification. We should accordingly imagine that, in a 
rhombic crystal, when passing without change of its external outlines, 
into an aggregate of square crystals, the principal axis of the latter 
would be parallel with the principal axis of the former crystal. How- 
ever, in effecting this passage dowly, the reverse may be very dis- 
tinctly observed ; the principal axis of the square form stands at a 
right angle to the principid axis of the rhombic form. — ^The intro- 
duction to Pasteur^s investigations contains, moreover, the additional 
assertion, that it is intended to demonstrate the possibility of deter- 
mining, a priorij which bodies are susceptible of dimorphism, and 
of fixing the general characters of the second form. This possibility 
is scarcely obvious from his researches. 

Polymeric and taoteromerlc Isomorphism.— Respecting the views of 
Scheerer on polymeric isomorphism, and those of Hermann on 
heteromerism, both based upon examples exclusively borrowed from 
mineralogy, the reader is referred to our mineralogical Report. 
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Specific C rarity. Oetcrminatioii cpecfilc Gravity of solid 

uodicH. — O. Ilose(l) has commumcated some experiments respecting 
the en’ors occurring in the ’ determination of the specific giwity of 
solid bodies^ when weighed in the state of finest division. His experi- 
ments embraced gold^ silver^ platinum^ and sulphate of baryta. The 
specific gravity of gold^ when fused alone^ was found to be 19*30 to 
19*34^ when fused under carbonate of soda 19*32 to 19*33^ under 
borax 19*33 to 19*34, under chloride of sodium 19*30 (the determi- 
nations refer to 17®*5). When compressed by a coining press, 
gold was found to have a specific gravity of 19*31 to 19*34. The 
specific gravity of finely divided gold, when precipitated by green 
vitriol, was found to be 19*65 to 20*72, and 19*49 when precipitated 
by oxalic acid. The specific gravity of silver was 10*63 when fused, 
10*57 when compressed, 10*66 to 10*62 when precipitated, from the 
nitrate, by means of sulphate of protoxide of iron^ Finely divided 
platinum, obtained by ignition of the binoxide, showed as high a 
specific gravity as 26*14, while that of the metal in the compact state is 
only 21 to 22. In later experiments, made with platinum black, pre- 
pared by various processes, the specific gravity was found to be 
between 16*63 and 22*89, once even only 14*89. In determining 
the specific gravity of the crystalline sulphate of baryta, as occurring in 
nature. Rose observed 4*48 to 4*49, while the specific gravity of the 
precipitate, as formed on ^addition of sulphuric acid to chloride of 
barium, was found to be 4*63. Rose concludes that substances, 
when finely divided, exhibit higher specific gralvities than when 
bccurring in compact masses, that the numbers obtained for the specific 
gravities increase with the minuteness of the ^vision, and that these 
discrepancies arise from the condensation of water on the surface of 
the substances, augmenting with the degree of their division. 

Osann(2) draws attention to some earlier experiments(3) made by 
him with platinum and glass. He had observed that the specific gravity 
of platinum diminished, whilst that of glass increased, when larger 
quantities of the substances were employed in the experiments; and 
he believes that this result is to be attributed to the attraction of 
water for, and consequent condensation of its vapour upon glass, whilst 
platinum (especially with a somewhat greasy surface) had an oppo- 
site tendency. 


(1) Pogg. Ann. LXXllI, 1; LXXV, 403; in abstract Ann. Ch. Pharm. LXVlll, 
159. 

(2) Ibid. I.XXIII, 605. 

(3) Ibid. XI ; Kastner’s Arch. II, 58. 
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Gra8Bi(l) commumcatc|8everarflpecific gravities^ which he deter- 
mined with Begnanlt’s volumenometer. His results are as 
follows : 


Nitre in large crystals 

. . 2109 

Potato-Hour 

. 1*502 

,, i, small crystals 

. 2*143 

Starch .... 

. 1*529 

„ Aised . • - • 

. 2*132 

Oak-wood, dry . 

. 1*505 

Sea-salt, dry . 

. 2*142 

Ootton .... 

. 1*949 

Rock-salt . . . 

. 2*207 

WTool .... 

. 1*614 

Powder, for guns 

. 2*085 

Yam .... 

. 1*792 

„ for muskets . 

. 2*189 

Sponge • • • . 

. 1*921 


H. Bose has examined the changes of density occurring in 
alumina^ and in iiiobic^ pelopic^ and tantalic acids^ when exposed to 
different degrees of temperature. (See below^ Beport on these sub- 
stances). 

Betermlnatloii of the speeille CravltleB of Liquids. Hydrometer. — 

Alexander(2) has proposed the application of a long-known prin- 
ciple for determining the specific gravity of liquids. Two paralM 
graduated glass tubes^ both open at one end^ and communicating 
with each other at their other ends, at which is a small syringe, are 
introduced, the one into water, the other into the liquid to be 
examined. . The air in the tubes is now slightly rarified by means 
of the syringe, when, by comparing the elevation of the water, and 
of the other liquid in the tubes, the ratio of the specific gravities 
is given. Alexander calls this instrun^ent hydrometer ; he recom- 
mends it for practical purposes, but it is scarcely probable that it 
will be genera% adopted. 

Betermlnatton of the speclfle Gravity of Ga8e8.-^B. F. Mar- 
chand(8) has determined the specific gravity of several gases 
according to a new method. A large glass balloon is filled with a 
gas, which is then expelled by another gas, and fixed by proper 
absorbents, both temperature and pressure remaining constant during 
the experiment. The increase in weight of the absorbent, which of 
course must have no attraction for the replacing gas, indicates tbe 
amount of gasr expelled. If the same balloon be employed in con- 
secutive experiments with several gases, the weights of equal volumes 
are obtained, and hence the ratio of their specific gravities. In Mar- 
chand^s experiments, oxygen for instance was displaced by carbonic 
acid, and absorbed by either copper or phosphorus; carbonic acid 
expelled by atmospheric air, was &ed by potassa, &c. The specific 
gravity of oxygen being 1, that of carbonic acid was found to be 

(1) J. Pharm. [3] XI, 184. 

(2) Pogg. Ann. LXX, 137 ; in abttnct Ann. Cb. Pharm. LXIV, 153. 

(3) J. Pr. Chem. XUV, 38 } Ann. Ch. Phann. LXVIII, 202. 
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1'3825 and 1'3819, that of carbonic oxi4^0*87663, that of sulpha- 
rous acid 2'04116, as the average results of a series of well con- 
cordant experiments. of gases. 

Relation between Composition and speclfle Gravity. Of 
Gases. — Hunt(l) has communicated his views^ why^ in the gaseous 
state the specific gravity of sulphur is treble, and that of nitrogen 
only half of what the specific gravity of these bodies should be, if 
equivalent quantities of sulphur, nitrogen, and oxygen, (in the state of 
gas) occupied the same space. According to Hunt, the sulphur with 
which we are acquainted is S 3 , and belongs to the same type as oz^ne 
(O3), and sulphurous acid (SO3). Elementary nitrogen is unknown ; 
the gas obtained from atmospheric air by the removal of oxygen, being 
NN, an amide (most likely nitryle). 

SpeclilG Volume of solid Bodies. — ^Filhol(2) has published the first 
part of his researches on the relations existing between atomic 
weight, crystalline form, and specific gravity. His memoir contains 
some observations on the investigations in this field by others, (iup 
completely studied, as it appears, by Filhol), with determinations 
and views of his own. 

No details are given as to the methods followed in determining the 
specific gravities ; in some cases indications of these methods would 
have been very desirable. Filhol gives the following determina- 
tions : 


lOfi 

4*250 

KI 

3*056 

KO, SO 3 

2*625 

A 303 

3*884 

Nal 

3*450 

NaO, SOb 

2*629 

AsOfi 

4*250 

Bal 

4*917 

SrO, SO 3 

3*770 



Pbl 

6*38^ 

CaO, SO 3 

3*102 

BaO 

5*456 

Hgl 

6*250 

MgO, SO 3 

2*628 

SrO 

4*611 

Agl 

5*500 

ZnO, SO 3 

3 400 

CaO 

3*180 



CnO, SOg 

3*530 

ZnO 

5*612 

KS 

2*130 

FeO, SOg 

2*841 

PbO 

9*361 

NaS 

2*471 

AgO, SOg 

5*410 

CuO 

6*322 

KO, COj 

2*267 

PbO, SOg 

6*300 

Alo 0.4*154 

NaO, CO 3 

2*509 





BaO, CO 2 

4*565 

NaO, SOg +10 HO 

1*520 

KCl 

1*994 



CaO, SOg+ 2 HO 

2'331 

NaCl 

2*240 

NaO,N 05 

2*260 

•MgO, S08+ 7 HO 

1*751 

Bad 

3*750 

BaO,N 05 

3*200 

FeO, S08+ 7 HO 

1*904 

SrCl 

2*960 

SrO, NO. 

2*857 

ZnO, SOg+ 7 HO 

2*036 

CaCl 

2*240 

CaO, NO. 

2*240 

CuO, SO.+ 5 HO 

2*286 

Fed 

2*528 

PbO,N 06 

4*581 

A]808,3SO,+ 18HO.> l*569i 


KO, HO 2*044 

NaO, HO 2*130 

BaO, HO 4*495 

SrO, HO 3*625 

BaO, 9 HO 1*656 

SrO, 9 HO 1*396 

ZnO, HO 3*053 

CaO, HO 2*078 

BaCl + 2 HO 2*664 

SrCl + 6 HO 1*603 

CaCl + 6110 1*635 

MgCl + 6 HO 1*558 

FeCl + 4 HO 1*926 

8t0,N05+5H0 2*113 

CaO,NOa + 4HO 1*780 
NaO, 2 BO 3 2*367 


NaO,2BOs+10HO 1*692 


Filhol finds, that the specific volumes of baryta and strontia, when 
calculated according to the specific volumes admitted by H. Kopp 


(1) Sill. Am. J. [2] VI, 170. 

( 2 ) Ann. Ch. Phys. [3] XXI, 415 ; in abstract Ann. Ch. Pharm. LXIV, 155. 
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vohES^^of strontium and oxygen in a state of combination, accord 

“dies*”" results obtained by direct observation; he believes, but 

erroneously, that he has thus proved that barium and strontium enter 
into combinations under their original specific volume. In order to 
show that the specific volumes of the salts of heavy metals, in the 
oxides of which oxygen is assumed under the same specific volume, 
may be explained as well by the theory of oxygen-, as by that 
of hydrogen-acids (a fact, which nobody has ever doubted), he 
gives, with all the details of calculation, 31 empirical proofs of the 
matjiematical truth, that (A + B) + C = A + (B + C). Filhol 
returns to the methods, superseded by recent researches, of com- 
paring the specific gravity of a chemical compound (D), tlie 
specific gravities of both of whose constituents are known, with that of 
a mixture of both constituents in the same proportions (A). He 


calls the value 


D— A 
D 


the coefficient of condensation which was for- 


merly expressed by (whenever the coefficients of condensation 


under one acceptation of the term are found to be equal for several 
compounds, they are so, likewise, under the other acceptation). Like 
others before him, Filhol finds for analogous compounds the coeffi- 
cients of condensation to be sometimes concordant, and sometimes very 
discrepant, and he observes, that the coefficients having been found to 
be the same for two compounds, the specific gravity of the one may 
be calculated a priori^^ as he calls it) by means of the coefficient 
of condensation ascertained for the other. He finds, however, also, 
and very justly, that the coefficients of condensation are not suffi- 
ciently concordant to found a general law upon this observa- 
tion. 


Specific Volumes of liydratea Salts. — A memoir on the specific 
volumes of hydrated salts, and their connection with the specific 
volumes of the constituents, has been published by Joule and 
Playfair(l). At an earlier period they had asserted, and endea- 
voured to confirm by observation, that, of salts containing a large 
quantity of water of crystallization, the constituent, present in 
solution along with the water, did not occupy any space, and that 
the hydrated salts in the solid state occupied the .same space as the 
water contained therein, for the specific gravity of which, however, 
that of ice 0’9I84, (or the specffic volume 9*8, always referring 
to atomic weights of the hydrogen-scale H == 1), was to be assumed 


(1) Chem. Soc. Qu. J. I, 139. 
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in some salts, in others 0-8168 (or the spccffiC'^olnme 11*025). The 
specific volumes were multiples of the nmabcir 1*225> whieh is 
adopted as the unit of volume, to which the other statements 
refer. ' ' 

Their assertions having been received with some doubts, the present 
memoir is intended to prove the correctness of their views m the case 
of some salts, and particularly that they contain the water with the 
volume of ice ; however, this new line of argument also still admits 
of doubts. 

They show, that the specific volumes of the salts NaO, GO 2 + 
10 HO; 2 NaO, HO, POg-f. 24 HO; 3 NaO, PO 5 + 24 HO; 
2 NaO, HO, AsOg + 24 HO, and 3 NaO, ABO 5 4 - 24 HO, as 
deduced from direct observation of the density, are almost accurately 
represented by values, which are obtained by multiplying the number 
of equivalents of water of crystallization by 9*8 (the specific volume 
of ice). They conclude, that in these cases, space was occupied only 
by the solid water, the other constituents occupying no space. 
The same is found with cane-sugar and milk-sugar; carbon, as 
filling space, had disappeared in these instances. 

This (theoretically incomprehensible) result is not observed with 
other salts, for instance, with sulphates ; with the hydrated sulphates of 
CaO, ZnO, MgO, FeO, NiO, NaO, AlgOg, with borax and pyro- 
phosphate of soda, this annihilation as to space affects by no means 
all the constituents occurring along with the water, but only the acid. 
In these salts the base occupies the same space as when isolated, 
the water the same as when converted into ice ; both fill the total 
volume of the salts, the acid only has ceased to occupy space. This 
theoretical speculation is also confirmed by the sulphate of protoxide of 
nickel, by assuming it, (as J oule and Playfair have done), to contain 
6 equivalents of water, when calculation gives exactly the specific 
gravity found for the salt crystallizing with 7 equivalents of water, 
(which is isomorphous with the sulphate of protoxide of zinc) ; the 
latter determination is adduced as confirming the former calculation. 

The same confirmation is derived from the, alums, in which also 
the 4 equivalents of sulphuric acid fail to occupy space, the whol^ 
space being filled by the 24 equivalents of water of crystallization, 
(considered as ice), with the bases, (the specific volumes of which are, 
in some cases, assumed to be different from what has been found by 
direct observation ; alumina, sesquioxide of iron, &c., being present 
in the alums in the unignited state). 

A very different deportment is observed with the double salts, 
containing with 1 equivalent of sulphate of protoxide of zinc, or 
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voS?S?rf isomorphous oxide^ 1 equivalent of an alkaline sulphate, and 
6 equivalents of water. In these salts the space is filled hy the 
6 equivalents of water, as ice, by the alkaline sulphate, and by the 
base of the other sulphate ; the sulphuric acid of this latter salt has 
ceased to occupy space. It deserves to be remarked, that according to 
the numbers of 7oule and Playfair, we may just as well assume 
that the sulphuric acid of the alkahne sulphate has lost the power of 
occupying space ; both hypotheses lead to exactly the same results. 

That the oulhors of this memoir are investigators of established 
reputation, dioes not remove the incomprehensibility of the propo- 
sition, that in phosphate of soda, which we have before our eyes^ it is 
only the water which fills space, neither acid nor base occupying any. 
As if by magic, the latter, as relating to space, appear only on 
heating.— Acid and base occupy no space, became the assump- 
tion has been made, that the water is present with the specific 
volume of ice, whence no room is left for them. 

It is very probable, that the concordant results obtained by Joule 
and Playfair, are due to some peculiar law; the expression, however, 
which they have chosen is inadmissible. They find this expression 
confirmed by the fact of its leading, for several substances, pretty 
accurately to the specific volumes, obtained by observation. It may 
be observed here, that they frequently consider as a series of confir- 
mations, what is actually one confirmation only. A series of several 
bodies of analogous formulae, possessing the same, or nearly the same 
specific voliune, and to whose corresponding constituent a uniform spe- 
cific volume is attributed, affords by no means a similar series of argu- 
ments for the correctness of an assumption; taken together, they consti- 
tute only ene, (for, if the assumption agrees with one of these bodies, it 
mmty whether right or wrong, agree with all the others), or no argument 
whatever, if the assumption has been made for such a body only, and 
not also for one of a different formula and different specific volume. 
The authors point, out some additional coincidences; as above men- 
tioned, 1*225 is considered by them as the number, the multiples of 
which are the specific volumes of the bodies ; the number of units of 
volume ascribed to' a body is obtained by dividing its specific volume 
by 1*225. Now they find, that the sulphates of the magnesia-series 
contain as many atoms of water of crystallization (in opposition to 
water of constitution ; the authors represent, however, the former by 
the latter), as there are units of volume in the base ; the phosphates 
and arseniates, on the other hand, as many as there are units of volume 
contained in the acid. This, however, they state, to have been most 
likely only accidental. 
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Spcclflc Tolnme of similarly sliaped Bodies. — ^^Gerliardt(l) has 
given a synopsis of minerals^ crystallising^ in his opinion, in regular 
octohedrons, and represented, according to ordinary views, by a great 
variety of formulae, (minerals of the group of spinell, martite, titano- 
fen’ite, periklase, perowskite, braunite) . He states, that very nearly the 
same specific volume is found for all these minerals, if their formulae 
be written in such a manner aa to combine with every equivalent of 
oxygen one equivalent of metal of any kind, (for this, some of the 
usually adopted equivalents have, of course, to be altered). The result 
is rather startling, especially when we find in this synopsis, along with 
substances crystallizing in the regular system, compounds belonging 
to the square-prismatic system, (braunite, because its form differs but 
little from a regular octohedron,) and rhombohedral forms, (titano- 
ferrite partly,) while the compositions adopted in many cases (as for 
chromo-fp^rite of St. Domingo and periklase) are perfectly erroneous. 

On t/'v? Condensation of Water when mixed with Acids. — Nau- 
mann (2) has published a paper on the condensation of the water-atoms 
in liydrated a«.i.ds. He considers the following results as probable : If an. 
acid, (hypothetically anhydrous,) containing n equivalents of oxygen, 
combines with water, the value of condensation c, (i. e, the differ 
rcnce of the specific volumes of water, in the mixture, and 
isolated,) of every newly added equivalent of water, (with the excep- 
tion of the nth,) is given by the proportion v : ^ ^ : x, v repre-, 

senting the specific volume of the acid previously to its receiving the 
new equivalent, ^ the original specific volume of the water ; for the 
nth equivalent of water itself Naumann gives the proportion v: 

= i// : c, in which v and c denote the same values, as before, yp being 
the specific volume belonging, according to the preceding development, 
to the (n — l)th equivalent in the mixture. — ^The author endea- 
vours to trace this law by an examination of the statements made 
respecting the specific gravities of aqueous mixtures of nitric, acetic, 
and sulphuric acids ; as to the two former acids, the indications agree 
with it ; as to sulphuric acid, the older experiments of Dalton were 
found concordant; not those of Ure, but more so, the most recent 
ones by Bineau. Naumann^s law is, that "within certain limits, 
the condensation of water, when mixed with an (aqueous) acid, 
diminishes, while the specific volume of the acid increases.^^ His 
distinction of the first series of equivalents and the n th equivalent 
of water is artificial; and improbable, at least, is his expression of 

(1) J. Pharm. [3] 381 ; Sill. Am. J. [2] IV, 406. 

(2) J. Pr. Chem. XLIII, 1 ; Ann. Ch. Pharm. LXVIII, 218. 
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the regularity^ if actually existing ; dor it would be necessary to 
assume that, in aqueous nitric acid (NOg, + 4 HO,) the water was 
in, at least, 4 different states, (namely, each of the equivalents added 
to NOg, HO with a peculiar specific volume). 


THERMOLOGY. 

Sources of Heat. Dlsensasement of Heat during Chemical 
Comhinatioii* — ^Andrews(l) states as the result of his researches on the 
heat evolved during metallic substitution, that when an equiva^nt of a 
metal replaces another in a solution of any of its salts of the same 
order, the heat developed is, with the same metals, constantly the same, 
the expression of a solution of the same order being understood to 
mean a solution in which the same kind of precipitate is produced by the 
addition of an alkali, or in which the metal exists in the same state of 
oxidation. The metallic salts, in the precipitation of which by other 
metals, the 'Solved heat was ascertained, were those of copper, precipi- 
tated by zinc, iron, or lead; of silver, precipitated by zinc or copper ; and 
of lead, mercury, and platinum, precipitated by zinc ; the acids were 
sulphuric, hydrochloric, acetic, and formic acids. A further deduction 
is this: that, if three metals. A, B and C be so related, that A is capable of 
displacing B and C from their combinations, and also B capable of 
displacing C, then the heat developed in the substitution of A for C, 
will be equal to that developed in the substitution of A for B, added 
to that developed in the substitution of B for C. 

Andrews(2) has also again determined the quantity of heat which 
is disengaged in the combination of bodies with oxygen and chlorine. 
The combination of the gases with oxygen took place in a copper vessel 
of about 380 cub. cent, capacity, and was induced by the electric 
ignition of a fine platinum wire. The copper vessel was immersed 
into a water-calorimeter, which, after having been perfectly closed, 
was suspended in a ^de cylinder, capable of being rapidly rotated 
round its horizontal axis. By this rototion, which was performed 
both before ^d after the combination of the gases, it was intended to 
establish a complete uniformity of temperature in the water of 
the calorimeter. If, in the combination of two gases, water was 
generated, the heat evolved in the condensation of the vapour had 
to be subtracted. The results are contained in the following table, in 

(1) Phil. Mag. [3] XXXII, m. 


(2) Phil. Mag. [3] XXXII, 321, 426. 
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wUch the quantity of heat necessary -to raise the temperature of 
I grm. of water through is taken as unit : 


Name of the gas. 

Heat of combustion. 

Of 1 Utre 
of the gas 
with 
oxygen. 

Deviation 
from the 
mean. 

Of 1 litre 
of oxygen 
with the 
gas. 

Of 1 grm. 
of oxygen 
with the 
gas. 

Corrected 
for aqueous 
vapour. 

Of 1 grm. 
of the gas 
with 
oxygen. 

Hydrogen . . . 

3036 

16 

6072 

4226 

3539 

33808 

Carbonic oxide . 

3057 

6 

6114 

4255 

i— 

2431 

Marsh gas . . . 

9421 

10 

4716 

3277 

2931 

13108 

Oledant gas . . 

15016 

40 

5005 

3483 

3252 

11942 


The combination of solid and liquid bodies with oxygen was con- 
ducted in a cup of platinum or porcelain^ suspended by means of 
platinum wires in a copper vessel of about 4 litres capacity^ which was 
filled with oxygen. The whole was introduced into a water-calo- 
rimeter^ in the cooling-water of which it was gently moved up and 
down^ in order to produce an uniform distribution of heat through 
the apparatus. In these experiments^ the inflammation was also 
effected by a platinum wire, ignited by means of the electric current. 
The corrections necessary on account of the cooling or heating 
influence of the surrounding air, were so small in each case, that 
the^y could be made on«Bome simple assumptions. , The results are as 
follows ; 


Substance. 

Number 
of experi- 
ments. 

Heat of combustion. 

1 grm. of 
the sub- 
stance with 
oxygen. 

Deviation 
from the 
mean. 

i grm. of 
oxygen 
with the 
substance. 

1 litre of 
oxygen 
with the 
substance. 

Wood-charcoal ..... 

8 

7678 

121 

2879 

4137 

Sulphur 

4 

2307 

31 

2307 

3315 

Alcohol 

4 

6850 

98 

3282 

4716 

Phosphorus 

3 

6747 

59 

4509 

6479 

Zinc 

3 

1301 

4 

5366 

7710 

Iron 

3 

... 

_ 

4134 

5940 

Tin 

3 

... 

_ 

4230 

6078 

Protoxide of tin .... 

3 

521 

3 

4349 

6249 

Copper 

3 

' ... 

.. 

2394 

3440 

Suboxide of copper ' • . • 

3 

256 

6 

2288 

3288 


To effect the combustion of the metals, a small quantity of phos- 
phorus (about 8 milUgrm.) was added, whose heat of combustion 

d2 


Sources 
of heat. 

Dlsen- 
gammeut 
of heat du 
ringtehem- 
ical combi- 
atlon. 
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2? ^ deducted. — ^The most important determination, is that of the 

Disea-^ ' heat disengaged in the combustion of carbon. Andrews prepared 
j?heS*dtt- this by boiling wood-charcoal in nitro-hydrochloric acid, and then 
flafcombil exposing it for several hours at a slow red heat to the action of dry 
nation, chlorine, and ultimately to a white heat under a layer of charcoal ; 
the platinum capsule was weighed again after the experiment ; a 
certain amount of unbumed carbon remaining behind along with the 
earthy impurities, notwithstanding the great excess of oxygen. 
Dulong had found (as a mean) 7288 units, Despretz 7912, 
Lavoisier 7624, Tavre and Silbermann: 

Spec, heat according to Regnault. Heat of combination. 

For Diamond 0*147 7824 

„ Graphite 0*201 7778 

„ Wood-charcoal 0*242 8080 

Some later experiments of Andrews, in which the carbon was 
burned in a platinum cage, only ^^th being converted into carbonic 
oxide, gave 7860 units, or, corrected for the carbonic oxide formed, 
7881 units. 

The conclusion to which some physicists had been led by 
Dulong's results, namely, that the heat disengaged in the com- 
bustion of a compound gas was equal to that evolved in the com- 
bustion of its constituents, must be considered as refuted by the 
numbers above communicated. By calculating on this hypothesis, 
the heat of combustion of 1 litre of vapour of carbon, from the 
results obtained with marsh-gas and olefiant gas, we arrive at two 
very different numbers : 


1 litre of marsh gas . . i 

2 litres of hydrogen . . 

Dulong. 

9388 

6212 

Andrews. 

9420 

6072 

1 litre of oleSant gas. . 

2 litres of hydrogen . . 

Dulong. 

15338 

6212 

Andrews. 

15014 

6072 

1 litre of vapour of carbon | 

3376 

' 3348 

il litre of vapour of carbon 

4563 

4471 


To induce the combination with chlorine, the substances, enclosed 
in hermetically sealed and very fragile little glass balls, were intro- 
duced into a glass vqssel, the air of which was afterwards expelled 
by dry chlorine. After immersion of the glass vessel in the cop- 
per calorimeter the glass balls were broken by a sudden concus- 
sion. Both the apparatus and method of experiment resembled those 
used in the case of oxygen. The combination of potassium and 
chlorine took place in a brass vessel, which was not sensibly attacked 
by dry chlorine.— Zinc combined with chlorine only in the presence 
of water, and it was necessary to deduct, from the result of obser- 
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vation, the heat disengaged by the chloride of zinc^ when dissolving 
in the water. The following are the results : 

Chlorine. Substance. 



1 litre. 

1 grm. 

1 equiv. " 

1 grm. 

Potassium . 

. 9329 

2943 

13008 

2655 

Tin ... 

. 2844 

897 

3966 

1079 

Antimony 

. 2726 

860 

3804 

707 

Arsenic . . 

. 2232 

704 

3114 

994 

Mercury . . 

. 2605 

822 

3633 

— 

Phosphorus . 

. 1925 

607 

2683 

3422 ? 

Zinc . . . 

. 4524 

1427 

6309 ^ 

1529 

Copper . . 

. 2734 

859 

3805 

961 

Iron . . . 

. 2920 

921 

4072 

1745 


Sources 
of beat. 

Disen- 
gagement 
of heat du- 
ring chem- 
ical combi- 
nation. 


Many of these bodies^ as iron^ antimony^ tin^ and zinc, (the latter 
in a less striking manner), appear to evolve equal quantities of heat 
when combining with either oxygen or chlorine. — -The opinion that 
the above thermal effects are equal to those which are produced in 
the reaction of these bodies upon each other in the moist way, is 
supported as yet by one instance only. The heat disengaged in pre- 
cipitating metallic copper from a solution by means of zinc, should be 
equal to the difference of the quantities of heat evolved in the com- 
binations of zinc and of copper, respectively, with oxygen, added to 
that, which is developed by the substitution of protoxide of zinc for 
protoxide of copper. We have (Zn with O) — (Cu with 0) = 5366 
— 2394 = 2972, and by adding 353, arising from substitution of 
one oxide for the other, we obtain 3325 units of heat, a number 
sufficiently agreeing with the result of observation 3435. On the 
other hand we have : 

Compound dry. Compound in solution. 

Zn with Cl . . . 6309 . . 7025 

Cu with Cl . . . 3805 . . 4167 


2504 2858 

Neither of these numbers agrees with 3325, the amount disengaged 
in the substitution of zinc for copper. The thermal effects are, there- 
fore, not favourable to the hypothesis, that the metallic chlorides 
exist, as such, in solution. 

Favreand Silbermann(l) in continuing their researches on the 
heat evolved in chemical combinations, have arrived at the following 
results: 

1. In the decomposition of calcareous spar by heat 308*1 units of 

(1) Compt. Rend. XXIV, 1081. 
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heat were absorbed; the conversion of arragonite into calcareous spar 
gave rise to a disengagement of 88*3 units ; in the decomposition of 
arragonite 299*2 units were absorbed. 

2. In the decomposition of protoxide of nitrogen into its consti- 
tuents^ the evolution of 1 grm. of oxygen was attended with a disen- 
gagement of 1090*6 units. 

8 . In the decomposition of bihoxide of hydrogen^ a disengagement 
of 1803 units took place^ to which have to be added somewhat more 
than 600 units consumed in the gasification of the oxygen : together 
about 1950 units.. 

4. Evolution of heat in mixing 1 grm. of SO 4 H (hydrated sul- 
phuric acid) with water : 


With the first . I eq. of w. 

ff second ^ yy yy 

ff 9$ fi ^^ i ! • i »> 99 

99 99 second^ i> »> 

yy yy fifSt • yy yy 

yy yy SCCOUd ^ yy yy 


9*4 

With 1 eq. of w. 

64*7 

8*8 

99 

2 

99 

99 

94*6 

18*8 

99 

3 

99 

99 

111*9 

17*2 

99 

4 

99 

99 

122*2 

36*7 

99 

5 

99 

99 

130*7 

28*3 

99 

6 

99 

99 

136*2 


With 7eq.ofw. 141*8 
99 8 99 99 145*1 

99 8 99 99 148*5 

„ 10 „ yy 148-4 

yy 20 yy „ 148*7 


Evolution of heat^ in mixing 1 grm. of SO 4 H + HO with the 
first J eq. 9*2, with the second J eq. 7 * 8 ; with the first ^ eq. 17*8, 
with the second i eq. 12*3. Evolution of heat, in mixing 1 grm. of 
SO 4 H + 2HO with the first ^ eq. of water 9*5, with the second i 
eq. 7*6. 

5. Evolution of heat in the combinations of bases with acids in 
equivalent proportions, the acids highly diluted and in great excess. 


1 grm. of hydrate of lime 
saturated with 


1 grm. of potassa, diluted with 
watery saturated with 


Sulphuric acid . 
Hydrochloric add 
Nitric acid . . 
Acetic add . . 


669*2 

603*2 

607*0 

518*2 


Sulphuric add . . 311*8 
Nitric add . . . 312*5 
Hydrochloric add . 314-4 
Metaphosphoric . 325*4 


Phosphoric add 323*9 
Acetic add . . 283*5 
Citric add • . 268*3 


1 grm. of soday dilutCy satu- 
rated with 

Sulphuric acid . . 464*3 
Nitric add . . . 470*8 
Hydrochloric add . 465*3 
Metaphosphoric add 474*4 
Phosphoric add . . 480*1 
Formic acid . . . 407*7 
Acetic add . . . 418*0.. 
Valerianic add . . 414*1 
Citric add • . . 403*7 


1 grm. of ammoniay dilutCy 
saturated with 

Sulphuric acid . . 529*7 
1 grm. of barytSy dissolvedy 
saturated with : 

Hydrochloric add . 181*7 
Acetic add . • . 158*5 

1 grm. of crystallized 
baryta in 4*460 grm. 
of watery saturated 
with acetic add . 80*7 


1 grm. of strontiay dis- 
solved, saturated with 

Hydrochloric add . 184*7 

Protoxide of iron pre- 
dpitated with 1 grm. 
of ammonia . . . 71*7 

1 gpi. of protoxide 
of iron ditto . . . 323*4 


In forming acid salts, Favre and Silbermann worked with 
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2 decigrm. of potassa and soda ; the dask contained 12cc. of water. 
The following numbers refer to 1 grm. of base : 


1. Potassa with oxalic acid. 

1 eq. of acid 287*5 

2 „ „ 285*1 muchw. 

345*6 1 Uttle 
354*6 j water. 

the flaski 
filled 
with w. 


f» tr tf ^ 617*0 I 
1 640*0 J 


2.. Soda with oxalic add. 

1 eq. 428*2 

2 619*4 much water. 

4 ff 688*0 much water. 

650*1 1 saturated with| 
707*4 J water. 


4. Soda with tartaric add. 


3. Potassa with tartaric add. 

1 eq. 264 

2 H 455*2 much water. 

480.6 little water. 

8 ,1 482*0 


1 eq. of add 392*4 4 eq. 392*1 much waterr 

2 „ „ „ 387*1 much water. 596*1 little water. 

586*9 little water. 1 „ 413*7 much water. 

590*0 little water. 


6. Alumina^ sesquioxide of iron^ and sesquioxide of uranium^ when 
precipitated by 1 grm. of ammonia disengaged 134*2, 296*8, 518*5 
units^ or, reduced to 1 grm. of the oxides, 605*2, 234*3, 2*1. 

7. Hence the equivalents of bases evolve the following quantities 
of heat .* 


Lime 607 Potassa 539 
Soda 520 Ammonia 492 


Baryta 492 Protoxide of iron 404 
Strontia 343 Sesquioxide of iron 661 


Alumina 1113 
Sesquioxide 
of uranium 11 


8. The following table contains the quantities of heat absorbed in 
dissolving 1 grm. of the following crystals : 


Nitrate of ammonia . 

. 63*3 

Sulphate of lime 


. 23*1 

II 

„ soda 

. 43*6 

„ „ lime dissolved in sulphate 

If 

,, potassa . 

. 66*9 

of ammonia 


. 0*0 

tf 

f, strontia . 

. 39*3 

Potassa-alum . 


. 22.4 

If 

M lime 

. 25*7 

Ammonia-alum 


. 18*2 

Chloride of sodium 

. 8*5 

Acetate of soda 


. 26*9 

II 

,f potassium 

. 47*6 

„ „ potassa . 


+ 11*6 

II 

,f barium 

. 16*1 

II If ^ II acid 


. 18*5 

II 

„ strontium . ' . 

. 23*8 

„ „ lime 


+ 21*9 

II 

„ ammonium . 

. 66*2 

II II baryta 


. 3*3 

If 

„ calcium 

. 14*6 

Oxalic acid (cryst.) . 


. 58*7 

Sulphate of potassa 

. 33*3 

Oxalate of potassa . 


. 36*9 

If 

„ soda 

. 47*1 

II II II (add) . 


. 59*5 

If 

,, alumina 

+ 12*7 

Carbonate of potassa 


+ 2*5 

If 

„ ammonia 

. 10*4 

II If II (acid) 


. 49*1 

If 

ff sesquioxide of uranium 

+ 10*2 

If If soda . . 


. 49*8 

11 

„ potassa (add^ 

. 24*3 

Tartaric add (cryst.) 


. 18*8 

If 

9, protoxide of iron . 

. 11*6 

Tartrate of potassa 


. 16*5 

If 

„ protoxide of iron and no- 

II II soda . . 


. 24.2 


tassa . 

. 20*6 

„ If potassa and soda 


. 39*3 

II 

„ baryta . . . 

. 52*2 

Phosphate of soda . 


. 49*4 

If 

„ strontia 

. 58*4 

Pyrophosphate of soda . 


. 21*1 


The sign + indicates an evolution of heat. In mixing sulphate of 
iron with sulphate of potassa, sulphate of iron with sulphate of 
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ttminonia^ sulphate of alumina with sulphate of soda^ sulphate of 
alumina with sulphate of potassa/ sulphate of alumina with sulphate 
bf . ammonia, tartrate of soda with tartrate of potassa, no calorific 
effect became perceptible. 

Among the conclusions to which the authors of this investigation 
have been led by-their results, we point out the following as charac- 
teristic, — 1 . That a neutral salt T, in solution, and in the crystalline 
state, constitutes two isomeric bodies, c. g* SO 4 K and Sg Og K 2 ; 
2. That the acid salts and double salts are formed only during 
crystallization ; they were the crystallized neutral salts du type 
remplaci par dea M quelconques 3. That a new support has been, 
given to the opinion, which considers the latent fiision-heat in 
water as the result of a chemical process, HO in ice passing into 
n (HO), where n represents any simple number. It is not the first 
time that the valuable ob 8 ervations(l) of MM. Pavre and Silber- 
mann are associated with conclusions, the necessary connection of 
which, with the former, is not evident. The heat disengaged during 
the combustion of bisulphide of carbon, and of carbon in protoxide of 
nitrogen, has led them to the theory of the splitting {dedoublemenf) 
of the elements, a doctrine which they appear to develope with daily 
increasing vigour. 

Another paper(2) is devoted to the investigation of the heat evolved 
during the substitution, in solutions, of one metal for another, or of 
oxides for each other. The chemical reaction was conducted in a 
flask provided with a serpentine (to cool the hydrogen evolved in 
several cases) and a safety-tube (for pouring in the acid). 


1 grm. of 

'when acted on by 

gives 

evolving units of heat. 

Zinc 

SO4 H 

SO4 Zn + H 

520 

Zinc 

NO« Ag 

NOj Zn + Ag 

1187 

Zinc 

SO 4 Cu 

SO4 Zn + Cu 

693 

Zinc 

C 4 H, 04 Pb 

C 4 H 3 04 Zn + Pb 

466 

Cc^per 

NOe Ag 

NO« Cu+Ag 

501 

Iron 

SO4 Cu 

SO4 Fe + Cu 

647 


The heat evolved in the substitution of zinc for silver was indirectly 
ascertained, the latter being first replaced by copper, and then again 
by zinc, 601 +693 amounts nearly to 1187.-~To deduce from the above 
result the heat of combustion of the metals, it is necessaiy to add the 
heat developed in the conversion of the replaced metal into oxide, and 
of the oxide into hydrate, and in the combinations of the latter with 
the anhydrous acid ; whilst the heat disengaged, by the replacing 

(l) Compt. Rend. XXII, 823, 1140; XXIII, 199, 411. ( 2 ) Ibid. XXVI. 595. 



THBRM0L06Y. 41 

metal^ in the' conversion of its oxide into hydrate^ and in the com- 
bination of the hydrate with the anhydrous acidj has to be deducted. 
Favre and Silbermann ascertained/ that^ when combining with 
dilute acids^ 1 grm. of precipitated oxide^ (anhydrous^ or in* the state 
of hydrate^) disengages the following number of heat-units^ 


HO with any acid . . 

0 


. . 

185 

rSulphuric acid. 

. 241 

a • 

148 

J Nitric acid 

ZnO with-j Hydrochloric acid . 

. 206 

PbO with Acetic add 

, a 

61 

. 204 

AgO with Nitric add 

, , 

51 

L Acetic acid . 

. 179 

ZnO with concen. hydrochloric acid 245 

FeO with Sulphuric acid . . 

. 291 

(anhydrous) 



Hence the heat of combustion of the metals is found to be 


1 gnn- 

1 eq. 

1 gnn. 

leq. 


Hydrogen . . 34462 

34462 

Copper .... 655 

21280 


Iron .... 1332 

35964 

Lead .... 255 

26520 


Zinc .... 1277 

41503 

Silver .... 49 

5292 



Meciianiciii Equivalent of Heat. — Joule (1) has. determined the 
mechanical equivalent of heat by comparing the heat evolved by 
the friction of a horizontal paddle-wheeb with the force necessary to 
effect the rotation of the wheel. A brass wheel was moved by means 
of a descending weighty in one series of experiments in water^ in 
another series in sperm oil ; as a mean of nine experiments in each 
series^ the mechanical equivalent of the heat-unit was found to be 
428 and 429 metregrammes(2). * A third series of experiments (3)^ in 
which an iron wheel was moved in mercury, gave, as average of six ex- 
periments, 432*1. A claim to priority on the part of May er(4) induced 
Joule(5) to publish a synopsis of his researches upon this subject, in 
which he insists upon the priority of his inquiry. In attributing the 
mechanical effect of the expansion of gases entirely to the heat of ex- 
pansion as determined by Dulong (0®*421 for a compression of * 4-3 
the mechanical equivalent is found to be only 368*5 metregran|pes, 
and we are the more inclined to believe that a loss of heat in Joule’s 
experiments has given too high a number for the mechanical equiva- 
lent, since a test, which appeared to J oule(6) a corroboration of his 
determinations, Virhen more minutely investigated, leads to an opposite 
result. If we assume, with Joule, the mechanical equivalent of 
heat to be 430 metregrammes, the ratio of the specific heat of air at 
constant volume to that at constant pressure is found equal to 1*077; 
and the square root of this number, when multiplied by Newton’s ve- 
locity of sound 280™ gives 290“*4, a result considerably below truth. 


(1) Phil. Mag. [3] XXXI, 173. 

(2) 1 grm. raised 1 metre, or 0*0072348 lbs. raised 1 foot. 

(3) Compt. Rend. XXV, 309. (5) Coinpt. Rend. XXVUI, 132. 

(4) Compt. Rend. XXVI, 38&. (6) PhU. Mag. XXXI, 114. 


Sources 
of heat. 

Dlsen- 
gi^taeot 
of neat du- 
ring chem- 
ical cond>l* 

nation. 
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Seguin(l) communicates a contribution to the determination of the 
mechanical equivalent of heat. He calculates the mechanical effect^ 
exerted by steam of 180^^ while it expands and cools to 80^, part of 
its free heat becoming latent as heat of expansion. The unit of heat 
exerts 

between 180^ and 160° an eflfect of 395 metregrammes. 


>» 

160 

» 

140 


412 

If 


140 

n 

120 

n 

440 

>1 

If 

120 

ff 

100 

n 

472 

11 


100 

>» 

80 

tt 

529 

it 


or, as a mean, a mechanical effect of 449 grm., which are raised to 
the height of 1 metre. Seguin announces, that he is engaged in 
an extensive series of investigations, in order to demonstrate that the 
phenomena of heat are only phenomena of motion, and consequently 
subject to the law of general gravitation. 

Expansion of soUd Bodies liy Heat. — ^Joule and Play fair(2) have 
endeavoured to determine the expansion of several solid bodies. 
For this purpose little glass bottles were used, as employed in 
the determination of specific gravities. The expansion of the glass 
was found, by filling a bottle of this kind with water, and insert- 
ing a graduated thermometer tube as stopper; the water in the 
tube stood at the same point at 3^*84 and 7^*67 ; hence, the 
expansion of the glass within this interval of temperature is equal 
to that of the water between the same limits ; the result of Despretz 
being adopted for the latter, the cubic expansion of glass between 
0® and 100® was found to be equal to 0’002788. Another experiment, 
made in the same manner, gave 0*002798. 

It was then ascertained how much oil of turpentine a bottle was 
capable of holding at different temperatures. The expansion of solid 
bodies was determined in the following manner : 4lie bottle, partially 
filled with oil of turpentine, was weighed, and a quantity of the 
substance under examination having been introduced, its weight 
was again determined. After having removed, by means of an air- 
pump, the air adhering to the substance, the vacant space in the bottle 
was filled up with oil of turpentine, and the mermometer-tube 
inserted as a stopper. Ultimately, the weight of the bottles filled 
at different temperatures (between 8®5 and 81®5) was ascertained. 
From these observations it was possible to calculate how much space 
the substance, under examination, occupied at different temperatures, 
and consequently its expansion between 0® and 100®. The authors 
state, as the result of many experiments, that the expansion of 
salts was found to be uniform. The specific gravity of the oil of 

(1) Compt. Rend. XXV, 420. - (2) Chem. Soc. Mem. 1. 121. 
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turpentine having been ascertainedj these experiments also gave the 
specific gravities of the substances investigated. The following are 
the results of their observations : 


Substance. 

Formula. 

Cubic 

expansion 

0 — 1000 . 

Spec. 

gray. 

at3®*9. 

Copper 

Cu 

0*0055 

8*367 

Ditto 

»> 

0-00767 

8*416 

Protoxide of mercury 

HgO 

000580 

11*136 


PbO 

000795 

9*363 

Protosesquiox. of manganese . 

Mng O 4 

0*00522 

4*325 

Binoxide of tin . 

Sn O 2 

0*00172 

6*712 

Protosulphide of lead 

Pb S 

0*01045 

6*924 

Chloride of potassium • 

Ka 

0-01094 

1*978 

„ „ barium 

Ba a + 2 HO 

0-00987 

3*054 

„ „ ammonium . 

NH 4 CI 

0*0191 

1*533 

Nitrate of soda 

NaO, NOfi 

0*0128 

2*261 

yf yy potassa • . * 

KOy NOg 

0-01967 

2*108 

yy y| ditto « • • 

ft 

0-0172# 

2*096 

yy yy dlttO • • • 

ft 

0-01949 

2*107 

,y yy protoxide of lead • 

PbO, NOg 

0*00839 

4*472 

y, y, baryta . 

BaO, NOg 

0*00452 

3*161 

Chlorate of potassa 

KO, ClOg 

0-01711 

2*326 

Chromate of potassa . • 

KOyCrOg 

0*01134 

2*711 

Ditto ..... 

ft 

0*01101 

2-723 

Bichromate of potassa • 

KOy 2 CrOg 

0*0122 

2-692 

Bichromate of chi. of potassium 

KCl + 2 CrOg 

0*01590 

2*497 

Oxalic acid .... 

H 0 ,C 2 03 + 2 ho 

0*02748 

1*641 

Oxalate of potassa . 

KO, C 2 63 + HO 

0*01162 

2*127 

Binoxalate of potassa 

KOy 2 Ca O 3 + 3 HO 

0 01134 

2*044 

Quadroxalate of potassa . 

KOy 4 Cg O 3 + 7 HO 

0*01592 

1*849 

Oxalate of ammonia . ' . 

NH 4 Oy Cg Os + HO 

0*00876 

1*500 

Binoxalate of ammonia . 

NH 4 Oy 2 Co O 3 + 3 HO 

0*01372 

1*613 

Quadroxalate of ammonia 

NH 4 0y4C3 03 + 7 HO 

001435 

1*652 

Sulphate of potassa 

KOy SOa 

0*01070 

2*656 

Bisulphate of potassa 

KO, SO 3 + HO, SO 3 

0*01229 

2*478 

Sulphate of ammonia 

NH 4 Oy SO 3 

0*01093 

1*761 

Sulphate of protoxide of cop. . 

CuO, SO 3 + 5 HO 

0*00953 

2*290 

Ditto 

ft 

0*00532 

2*242 

Ditto . 4 ... . 

ft 

0*00812 

2*278 

Sulphate of protoxide of iron . 

FeO, SO. + 7 HO 

0*01153 

1*883 

yy of magnesia , 

MgO, SO, 7 HO 

0*01019 

1*689 

yy of protox. of cop. & ammo. 

CuO, SO,+ NH< 0, S0 ,+ 6 HO 

0*00661 

1*894 

yy yy yy yy yy pOtaSSU 

CuO, SO,-t- KO, 80,+ 6 HO 

0*00904 

2*164 

„ of magnesia and potassa • * 

MgOf SO,-l-KO, S0,-t-6 HO 

0*00937 

2*053 

yy of sesquiox. of diromium 1 
and potassa . . .j 

Cr, 0„ 3 SOy+ ko,SO^-l- 24 HO 

0*00524 

1*856 

yy of alumina and potassa . 

A1,0„ 3 S0,+ KO, SOi + 24 HO 

0*00368 

1*751 

yy of protoxide of zinc andl 
potassa '. . . .j 

ZnO, SO,-t-KO, SO, + 6 HO 

0*00824 

2*240 

yy of magnesia and ammonia 

MgO, SO, + NH, O, SO, + 6 HO 

0*00716 

1*717 

Cane sugar .... 

CbH„Ou 

0*01116 

1*593 

Sugar of milk 

Cb Hi* 0„ 

0*00911 

1*534 


If several experiments were made with the same substance^ the 
expansions observed exhibited rather considerable discrepancies. 
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ffroudbo? Joule and Playfair believe that these discrepancies arise from 
^beat^ an actual difference in the physical properties of the substances 
examined: the copper, (reduced from the oxide by means of 
hydrogen) in one experiment, had been exposed to a 'higher tem- 
perature than in the other ; the nitrate of potassa had been partly 
employed in large crystals enclosing a certain quantity of water, 
partly in small ones, &c. However, the expansion of the nitre 
containing water was found inferior to that of the anhydrous crystals, 
a fact which could have scarcely been expected ; it is very probable that 
the discrepancies in the results, obtained with the same substance, 
have to be attributed to the method ; and that these results, as far 
as the expansion is concerned, require confirmation or correction. 

In three series of experiments, independent of each other, Schu- 
macher, Pohrt, and Moritz(l) have found the linear expansion of 
ice for an interval of 100® to be 0*00524, 0*00513, and 0*00518. 
(Brunner^s experiments had given the number 0*00375, those of 
Marchand the number 0*0035.) 

Bxpanslon of Uiiuld Bodies by Heat. — ^Pierre has published seve- 
ral papers upon the expansion of liquids : a subject m^ extensively 
investigated by him than by any other inquirer. . The first of these 
papers has appeared previously to the time when this report com- 
mences ; we will, nevertheless, give the results contained therein, in 
order to form a complete synopsis of Pierre^s experiments upon 
expansion. 

It may be stated at once, that the method of preparing, and, in 
most cases, the analysis of the substances investigated has been given, 
that the specific gravity was taken for 0®, and that 'the atmospheric 
pressure was ascertained at the time of determining the boiling point. 
The investigation of the expansion was made according to the ther- 
mometrical method; the details of the manner of experimenting and 
calculating are accurately described by Pierre, in the introduction 
to his first paper (2). We report the result obtained with each 
body, the formula, which gives the true volume V for a temperature 
t®, the volume at 0® = 1, and add in brackets the limits of tempe- 
rature, within which the experiments were instituted. 

In the first memoir, Pierre communicates the expansion of the 
following liquids : 

Water. (HO). The memoir gives only the numerous individual 
experiments made with this substance, the communication of which 
would exceed. the limits of this report. Pierre found no formula acr 

(1) From: Arch. f. wissenschaftl. Kunde v. Russland, VII. 333, in Arch. Ph. Nat. 
X, 47. 

(2) Ann. Ch. Phya. [3] XV, 325. 
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curately representing the expansion of water from — 18® to 100®, nor 
has he deduced from his experiments a table in which the expan* 
sions for uniformly increasing temperatures could be seen. 

Alcohol (spirits of 'wine, hydrated oxide of ethyl; C4 Og). 
Spec. grav. 0*8151. Boiling point 78®‘3 at 758"’”. 

V = 1 + 0*0,010486 1 + 0*000001715101!' + 0*000000001345 (— 32»*2 to + 76»*6) 

Pyroxylic apirit (hydrated oxide of methyl; GgH4 0g). Spec, 
grav. 0'82O7. Boiling point 66®*3 at 769'“'”. 

V = 1 + 0*0011856 1 + 0*0000015649 1> + 0*000000009111 1> (— 38<H) to + 69»*4) 
Bisulphide of carbon (G Sg). Spec. grav. 1*2931. Boiling point 

47®.9 at 756"’’"*8. 

. V = 1 + 0*00113981 + 0*0000013707 f + 0*000000019123 1» 34''*9 to 59»*6) 

Ether (oxide of ethyl ; G4 Hg O). Spec. grav. 0*7358. Boiling 
point 35®*6 at 765”''"*8. 

V = 1 + 0*0015132 1 -t- 0*0000023592 1^ -t- 0*0000000400511" (— 150*4 to + 38°*1) 
Hydrochloric e/Aer (chloride of ethyl; G4 Hg Gl). Spec. grav. 

0*9214. Boiling point 11® at 758'“'". 

V ° 1 + 0*00157461 + 0*00000281371" + 0*0000000166981"(— 310*6 to + 26°.4} 
Hydrobromic ether (bromide of ethyl; G4 Hg Br). Spec. grav. 

1 *4733. Boiling point 40*®7 at 767"’’". 

V = 1 + 0*00133761 -I- 0*00000150131" + 0*000000016900 1"(— 310*910 -f 530*7) 
Hydriodic ether (iodide of ethyl ; G4 Hg I). Spec. grav. 1*9755. 

Boiling point 70® at 751"''"*7. 

V == 1 + 0*0011423 1 4- 0*0000019638 + 0*000000006206.1" (—340*8 to 710*9) 

Bromide of methyl (Gg Hg Br). Spec. grav. 1*6644. Boiling point 

about 13® at 769 

y = 1 + 0*00141521 + 0*00000331531" + 0*00000011381 f (— 34°*6 to 270*8) 
Iodide of methyl (Gg Hg I). Spec. grav. 2*1992. Boiling point 
43®*8at7607’*2. 

V = 1 + 0*0011996 1 + 0*0000021633 1" + 0*000000010051 1" (— 35»*4 to 6M) 
Formic ether (formiate of oxide of ethyl ; Cg Hg O4). Spec. grav. 

0*9357. .Boiling point 52®*9 at 762""". 

V ~ 1 -I- 0*0013252 1:-)- 0*00000286251" + 0*0000000066180 1> (—32^4 to 61<>*6) 
Acetate of oande of methyl (Gg H^ O4). Spec. grav. 0*8668 (?). 

Boiling point 69®*6 at 761"“*2. 

V > 1 + 0*00129601 + 0*00000290981" + 0*0000000042571" (— 34<>*3 to 66"*3.) 
In a second paper(l) the author has communiOated the investigation 

of the following liquids : 


(1) Ann. Ch. Phyi. [3] XIX, 193 ; •bstracted Ann. Ch. Pharm. LXIV. 160. 
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^fS d S° Fusel oil (potato-oil, hydrated oxide of amyl j C,o Hja Og). Spec, 
gray. 0’8371. Boiling point 181®'8 at 751"*”*8. 

** V - 1 + 0-00089001 1 + 0-00000065729 + 0-000000011846 1’ (0® to 80») 

V = 1 0-00089885 1 + 0-00000068745 + 0-000000010096 (80® to 130®) 

Pierre calculates the expansion up to 8(P by means of the first, 
that beyond 8(P by means of the second formula ) one formula failing 
to express his observations accurately enough for the whole interval 
between 0 and 180®. 

Acetic ether (acetate of oxide of ethyl ; Cg Hg O4). Spec. grav. 
0-9069. BoOing point 74®-l at 766““*5. 

\ = 1 + 0-0012585 1 -I- 0-0000029569 -t- 0-000000001492 1^ (— 36®-2 to 72®-4) 

Butyrate of oxide of methyl (C^ Hjg O4). Spec. grav. 1’0298. 
Boiling point 102®-1 at 748““. (Both properties differ considerably 
from those observed by H. Kopp, Comp. p. 50). 

V 1 -f 0-0012399 1 + 0-000000626025 1® + 0-000000013066 (0° to 99®-8) 

Butyric ether (butyrate of oxide of ethyl; Cu Hjg O4). Spec. 

grav. 0-9019. Boiling point 119® at 746”“-5. 

V => 1 + 0-0012028 1 + 0-000000072231? + 0-00000002263 1® (0®to 100») 

V « 1 + 0.0006327 1 + 0-000012763 1® + 0-00000005028 1® (100® to 118") 

A third paper(l) contains the investigation of the following liquids : 

Terchloride of phosphorus (P CI3). Spec. grav. 1*6162. Boil- 
ing point 78®-3 at 761"“*5. 

V = 1 + 0-0011286 1 + 0,000000872881? + 0.0000179241® (— 35®-7 to + 74»-9) 

Terbrondde of phosplwrus (P Brg). Spec. grav. 2*9249. Boiling 
point 175®*3 at 760“”*2. 

V - 1 + 0-000847201 + 0,000000436721? + 0-000000002528 1® (0® to 100®) 

V - 1 + 0-000824271 + 0-000000914311® + 0-000000000055 1» (100® to 175") 

Terchloride of arsenic (As Gig). Spec. grav. 2*2050. Boiling 
point 183®*8 at 756"“*9. 

y 1 + 0*00097907 1 + 0-00000096695 1® + 0*0000000017772 1> (— 14®-9 to 130®-2) 

Chloride of tin (Sn Gig). Spec. grav. 2*2671. Boiling point 
116®*4 at 758"“*1. 

V«l + 0-0011328t + 0-00000091171t®i-0-0000000075798t? (— 19"-1 to 112°6) 

Bichloride of tUamum (Ti Gig). Spec. grav. 1*7609. Boiling 
point 186® at 762““*3. 

V- 1 4 - p-000942569 1 + 0-0000013458 1? 4- 0-000000000888 1® (— 22®-l to 134®-2) 

TerchUmde of eilicmm (Si Cy. Spec. grav. 1*5237. Boiling- 
point 59® at 76(P“'l. 

14- 0-0012941 14-0*00000218411® 4- 0-000000040864 1® (—32®-4 to 58®-6) 


(1) Ann. Ch. Phy. [3] XX, 5 ; abstracted Ann. Ch. Pharm. LXIV, 168, 
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Terbromide of sUicium (Si Brj). . Spec. grav. 2*8128. Boiling 
point 153®*4 at 762”'"*6. * bodi«*bT 

heat. 

V = 1 -f 0*00095257 1 + 0*00000075674 + 0*0000000002921 1? (O^* to 149.<’ 5). 

Chloride of elayl (oil of olefiant gas, Dutch liquid; C 4 H 4 CI 2 ). 

Spec. grav. 1’2803. Boiling point 84®‘9 at 761®“*9. 

V=1 +0*0011189t + 0*0000010469ta + 0*000000010341 1* (—220*7 to +830*8) 

Bromide of elayl (C 4 H 4 Br^). Spec. grav. 2*1629 at 20°*8 
(solidifies at 13°)« Boiling point 132®*6 at 756“®*9. The formulse ; 

V = 1 + 0*00095270 d + 0*0000013165 + 0*0000000010627 d* (20® to 100“) 

V=l + 0*0010168 d + 0-00000010223 d2 + 0*000000008788ds+ (100« to 1320-6) 

give the volume for a temperature (the former between 20 ® and 100 ®, 
the latter between 100 ® and 182®*6) which is d® higher than 20®*09, 
the volume at the latter temperature being = 1 . 

Bromine (Br). Spec. grav. 3*1872. Boiling point 63® at 760"*™. 

V=.l + 0*0010382t2 + 0*0000017114t2 + 0*00000p005447t3 (— 7®-4'to +60®*2) 

Pierre^ s fourth paper(l), lastly, treats of the following liquids : 

Sulphurous acid (S O 3 ). Spec. grav. 1*4911 at — 20®*6. Boiling 
point — 8 ® at 759““*2. 

v = 1 + 0*0014964 1 + 0*0000223375 —0*000000495759 (— 25*9 to — 9®-5) 
this formula gives the volume for a temperature, which is d® higher 
than — 26®*85, the volume at the latter temperature = 1. 

Sulphite of oxide of ethyl (C 4 H 5 S Oo). Spec. grav. 1*1063. 

Boiling point 160®*3 at 768"*“*8. 

V=l+ 0*00099348 1 + 0*0000010904 + 0*000000001539413(0® to 160®!) 

For most of these liquids Pierre has calculated tables, indicating 
their volume at different temperatures, the volume at 0 ®, at the 
boiling point, or at other temperatures, being = 1 . We cite 
those referring to volumes at the boiling temperature. The annexed 
table gives the volume of a liquid at 5, 10, 15 , gene- 

rally — ^D®, below the boiling point, the volume at the latter being 
= 10000 . For bisulphide of carbon, ether and formic ether, for which 
Pierre has not constructed any tables, y(G have calculated them on 
the basis of the boiling points and the formulae of expansion, which 
he has given ; for water, we refer to what has been stated above, 

(page 45.) 

Along with his observations, and the formulae of expansion 
resulting therefrom, Pierre has communicated some considerations 
respecting the irregularities in the expansion of the liquids investi- 


(1) Ann. Ch. Phy. [3] XXI. 336; abstracted Ann. Ch. Pharm. LXIV, 177. 



48 PHYSICS AND PHYSICAL CHEMISTRY. 

gated, and whether they can be employed in the construction of 
correct thermometers; farther a comparison of the average expansion 
for 1 ® during an elevation of temperature from 0 ° to t®, (the average* 
coefficient of expansion^ with the expansion during an elevation of 
temperature from t® to (t + 1)® (the true coefficient at t®) ( 1 ). He 
compares, moreover, the changes of volume, exhibited by equal bulks 
of different liquids at their boiling points, when cooled an equal 
number of degrees below these boiling points; this comparison is 
contained in the annexed table. It deserves, however, to be noticed, 
that Pierre(2), misled by an error of calculation, considered the 
contractions of formic ether and of acetate of oxide of methyl, as 
different, (and hence a difference in the case of all isomeric liquids as 
probable,) whilst his observations, as well (compare table) as the 
experiments of H. Kopp, which will be quoted directly, leave no 
doubt respecting the equality of the contraction of these com- 
pounds. Lastly he pointsr^aut that the specific volume of sulphite of 
oxide of ethyl (C 4 Hg S O 3 = C 4 Hg O + S O^) at its boiling point 
exactly equals the sum of the specific volumes of ether (C 4 Hg 0 ) 
and of sulphurous acid (SO^) at their boiling points. 

H. Kopp (3) has published researches on the specific gravity, the 
expansion by heat, and the boiling point of several liquids. He first 
describes the construction of his thermometers and dilatometers, 
(thermometer-like instruments for determining the expansion of 
liquids,) the method and the calculation oi^|^e experiments on expan- 
sion, the determinations of the specific gravity, and of the boiling point ; 
he then passes over to the investigation of 18 liquids, the preparation 
and analysis of which are communicated, and gives the results which 
he has obtained. The specific gravities are found for 0 ^, and refer to 
water of the same temperature as unit. The boiling points are 
corrected for a barometric pressure of 760 ”^^, on the supposition that 
for small distances from the boiling point, the law of Dalton may 
be considered as correct, and according to Begnault^s determination 
respecting the oscillations of the boiling point of water, with the changes 
of the barometer; with most substances the boiling point was ob- 
served both with the thermometer half immersed in the liquid and en- 
tirely surrounded by the vapour. We give here the latter observations. 
The following formulss for expansion are (with the exceptions of those 


(1) A synopsis of these results, important for thermometry in general, has been given 
by Pierre in Compt. Rend. XXVII, 213. 

(2) Ann.Ch. Pfays. [3] XV, 403. 

(3) Pogg. Ann. LXXII, 1 223. 
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for water) the means of formulte, which being derived firom various 
series of observations, and with the fq>plication of variouli appa- **^2^ 
ratus, had given very concordant results; they give the true volume 
y at a temperature the volume at 0° s 1 ; we give here likewise 
in brackets the limits of temperature within which the experiments of 
expansion were instituted. 

Water (HO) ; the expansion of water ftam QP to 100*’ cannot be 
accurately represented by one formula; Kopp gives the foUowing 
expressions for the temperatures : 

0 to 250 : V r. l_0'000061045t + 0-0000077183t^0*00000003734t^ 

25 „ 500 : V » 1 — 0-000065415 1 + 0-0000077587 ^ — 0 000000035408 1? 

50 „ 750 : V =. 1 + 0-00005916 1 + 0-0000031849 1> + 0-0000000072848 V 

75 „ 100" : V => 1 -I- 0-00008645 1 + 0-0000031892 + 0-0006000024487 

From the first of these formulae, the temperature at which the 
water has its maximum density, is found to be 4°*08. 

Pyroxylic (hydrated oxide of methyl; Cg H4 O^). Spec, 

grav. 0*81796. Boil^g point 65°.5. 

V => 1 -I- 0-00115435 1 — O-OOOO0b28O46 4- 0-000000027766 tt (0^ to 69<>-0) 

Alcohol (spirits of wine, hydrated oxide of ethyl; C4Hg02). 

Spec. grav. 0-80960. Boiling point 78*’-4. 

V= 1 -t- 0-00104139 1 -I- 0-0000007836 t>-i-^0-000000017618 1’ (0° to 79^8) 

fktsel-alcohol (potato-oil, hydrated oxide of amyl ; C,oH„Og). 

Spec. grav. 0*8253. Boiling point 181®-!. 

V •= 1 4- 0-00090692 1 4- 0-00000035970 1> 4- 0-000000013786 tt (IIH to 130»-9) 

Ether (oxide of ethyl; C4 H5 0 pr CgHjoOg). Spec. grav. 
0*73658. Boiling point 34®*9. 

V . 1 4- 0-00148026 1 4 - 0*00000350316 i> 4- 0-000000027007 f (00 to 33*>-0) 

Aldehyde (hydrated oxide of acetyl ; C4 H4 O3). Spec. grav. 
0*8(X)92. Boiling point 20®*8. 

V> 1 4 - 0-0015464 1 4- 0-0000069745 tO (0° to 210-2) 

Acetone (Gg Hg 0 or Cg Hg Og). Spec. grav. 0*81440. Boiling 
point 56®*8. 

V>=1 4- 0-00134810 1 4- 0-0000026090 ^ 4- 0-0000000115592 1* (00 to 629-2} 

Benzole (benzine; C^g Hg). Spec. grav. 0*89911. Boiling point 
80®*4. 

V- 1 4- 0-00117626 1 4- 0-00000127755 1* 4- 0-0000000080648 0 (ll«-4 to 810-4) 

Fomde add (C, H, O4). Spec. grav. 1-2227. Boiling point 
106°*8. 

V> 1 4 - 0-00099269 1 + 0-00000062514 1* 4- 0-0000000059650 tO (50 4 to 1030-5) 

VOL. I. B 
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‘‘ Acetic acid (C4 H4 O4). Spec. grav. 1’08005. Boiling point 
117°*3.* 

V»l-(-0-0010S703t + 0'00000018323t> + 0-0000000096435t> (17«-7 to 109°-6) 

Butyric acid (Cg Hg O4). Spec. grav. 0’98862. Boiling point 
157®0. 

V-l+0-0010461t + 0-00000056244t> + 0-0000000034201t!> (12<>-1 to 141<>-9) 

Formiate of oxide of methyl (C4 H4 O4). Spec. grav. 0’99840. 
Boiling point 33'’’4. 

V-l +0-0014055 t + 0-0000017I31 1»+ 0-000000045947 1» (0« to 30»-9) 

, Formic ether (formiate of oxide of ethyl j Cg Hg O4). Spec. grav. 
0*94474. BoiUng point 64®’9. 

1 + 0-00136446 1 + 0-00000013538 1^ + 0-000000039248 1? (0» to 63<^1) 
Acetate (f oxide of methyl (Cg Hg O4). Spec. grav. 0*95620. 
Boiling point B6®*3. 

V = 1 + 0-0012779 1 + 0-0000039471 1» — 0-000000003639 1» (0» to 62i>-3) 
Acetic ether (acetate of oxide of ethyl; Cg Hg04). Spec. grav. 
0*91046. Boiling point 74**3. 

V=. 1 + 0-0012738 1 + 0-0000021914 to+ 6'000000011797 1» (0» to 74«-8) 
Butyrate of oxide of methyl (pig Hig O4). Spec. grav. 0*92098. 
Boiling point 95®*9. 

V=-l + 0-00119565 1 + 0-0000018103 1^.+ 0-0000000098292 tt (6<>-9 to 94'>-6) 
Butyric ether (butyrate of oxide of ethyl ; C12 Hia O4). Spec, 
grav. 0-90412. Boiling point il4'’*8, 

1 + 0-00117817 1 + 0-0000013093 1* + 0-000000009560 1’ (12<>-0 to 111°-1) 
Valeriamte of oxide of methyl (Cu Hu O4). Spec. grav. 
0*901625. Boiling point 116«*2. 

V<=>l + 0-00112115tt0-0000017044i?+0-0000000058627t’ (5<>-5 to 104<>-1) 

The results obtained mth these formulse are contained in the 
annexed table A, which indicates the .volume of the liquids at 5^ 10 . . . 
and generally at above 0, the volume at 0^ =s 1. Table B gives 
the contraction for equal thera^al distoces from the boiling points, 
and the volumes of the liquids at 5, 10 .... and generally 
below their observed boiling points, their volumes being 1000° at 
these boiling points, which are once more indicated in the headings. 

The expansion df several liquids has been examined also by 
Frankenheim(l) ; he .availed himself of the same method (deter- 
mination of the changes of volume in thermometer-like instruments), 
differing, however, in the details of application. The substances 

(1) Pogg. Ann. LXXII, 422, with reference to a paper, ibid. 177. 
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investi^ted are not rigorously characterized as to their chemical 
composition. The following specific gravities refer to V is the 
true volume for t** (according to experiments made, between the ” 
temperatures indicated within brackets after each formula). 

OU of twrpemtme, which, though repeatedly distilled over chloride of 
calcium, had probably absorbed some water, and which disengaged a 
permanent gas, when subjected to ebullition. Spec. grav. 0*8902. 

V=l + 0*0008474 t+0 000001248 t? (U«to US") 

Lemon oil, first specimen, (the same remarks as in the last case). 

Spec. grav. 0*8380. 

V = 1 0-0008660 1 + 0*000001161 f (35<> to ISS") 

Lemon oil, second specimen, (the preceding one slightly change 
by keeping). Spec. grav. 0*8661. 

y^l + 0-0007902 1 -I- 0*000002053 (16° to 122°) 

Petroleum (preparation and. composition similar to those of oil 
of turpentine). Spec. grav. 0*8467. 

V=>1 + 0-0008994 1 r 0-000001396 (24° to 120°) 

Acetk ether, of a spec. grav. 0*9061. 

V»1 4- 0-001040t + 0-00000363 1° (13° to 68°) 

Acetic add (most likely dilute), oi a spec. grav. 1-0622. 

Vc. 1 4- 0-0004924 1 4- 0-00000513 ^ (13° to 101°) 

FomUc add (dilute), of the spec. grav. 1*1061. 

V = 1 4- 0-0005126 1 4- 0-000902721 1» (15° to 99°) 

Solution of chloride of zinc, of the spec. grav. 1*3632. 

V=- 1 4- 0-0005435 1 4- 0-000001320 ^ (15° to 103°) 

Potaaea solution, of the spec. grav. 1*2738. 

V= 1 4 - 0-0004160 1 4- 0-000000677 (13° to 101°) 

The volumes for different tempmtures calculated by Franken> 
heim according to this formula, are synoptically arranged in the 
annexed table (also of a formic acidv-of '1*04406 spec* grav., for the 
expansion of which, however, no fonmfia is ^yen). 

maximum Density of Water. — Joule and Playfair(l) have deter* 
mined the temperature, at which water is at its maximum density; 
they availed themselves, in a peculiar manner, of the principle, already 
used before for llie same purpose, that in watm: not unifmnnly heated 
throughout its mass, those layers, the temperature of whick. 
approaches that of the maximum density, descend, while the others 

(1) PhU. Mi«. [3] XXX, 41 i abstracted Pog|. Ann. LXXI, 574; 

‘ ' B 2 ■ 
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ascend to replace them. Their apparatus consisted of two upright 
water. yesseb (4| feet high, and 6 inches in diameter) connected with each 
other at the top by means of a trough, at the bottom by means of 
a tube, furnished with a stopcock, whilst the current in the trough 
could be stopped by a slide. The communication of the two vessels 
being interrupted^ they were filled, the one with water of about 2^*8, 
the other with water of about 5^*8 ; after immersing accurate ther- 
mometers into both vessels, the communication was reopened^ (the 
temperature of the surrounding atmosphere during these experiments 
being from 8*8 to 5^). A current was thus established, passing 
through the bottom tube from the vessel with the denser water to 
the vessel containing the water of inferior density, and in the 
opposite direction through the trough at the top ; this current was 
observed by means of a glass ball floating upon the water in the 
trough, the motion of which, as to direction and velocity, was carefully 
ascertained. Changes in density for equal thermal intervals, above 
and below the temperature of the maximum density, could be considered 
as equal within these narrow limits. The direction of the current in the 
top-trough was from the vessel, whose temperature differed most from 
that of the maximum density, to the vessel whose temperature differed 
less from it ; no current would have been perceptible, if the temperature 
of the water in both vessels had equally differed from that of the 
maximum density, or if the temperature sought had been found to 
be the arithmetical means of the original temperatures. The latter 
was deduced from the observations by interpolation ; the mean of 
the results of different sets of experiments, well according with each 
other, was found to be 8^*945. 

Expansion of Mcrcnir. — ’Begnault(l) has instituted numerous 
experiments respecting the absolute expanrion of mercury. He 
determined it by measuring the difference of pressure, exerted by 
mercurial columns of equal height, but unequal temperatures. It is 
impossible to give a detailed account of his method without drawings. 
The volume of the mercury at 0^ being equal to 1, his determi- 
nation gives it for t^ of the air thermometer : 

1 -f 0*000179007t + 0*000000Q252316t> 

And hence, at 1*009013 at 150>«0*027419 at 250<»« 0*046329 

„ 100(»» 1*018153 „ 200»«0*036811 „ 300(»» 0*055973 

350<^-30*065743 

(1) Relation des experiences entreprisei— — pour determiner les prindpales lois 
physiques et les donnees numeriqnes qui ehtrent dans le calcul des machines k vapeur, 
Paris 1847, 271. 
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With the aid of Begnault^s deteifipiRation of the expansion of 
mercury, laaru(l) has calculated tables for the reduction to 0^ of the 
barometric column. 

Speeiflc Heat; Fnsioii; Latent Fiisl0n«Heat. — note, by Bud* 
berg(2), on the quantities of heat in mixtures of me^s at their 
fusing point, has been published, which this physicist had commu- 
nicated to Foggendorff in 1839. 

<|aantltles of Heat In metallle Mixtures.— —Budb erg considered it 
probable, that in an alloy of two metals, which would cool regularly, 
(that is, in which one portion of the metal would not solidify on 
cooling, before the remainder, which would be indicated by the 
thermometer becoming twice stationary), or in other words, in a 
chemical alloy, each of the two metals contains the same amount of 
heat between the fusing point of the alloy and its own fusing point. 
Assuming the specific heat of a metal to be constant, this view is 
expressed by the following formula : 

M'c'(T' — T) =; M"c"(T" — T). 

(M' and M" representing the weights of the metals, c' and c" their 
specific heats, T and V' their fusing points, and T the fusing point 
of the alloy). 

Taking Dulong's law of the inverse proportion existing between 
specific heat and atomic weight as strictly correct, and the ratio 
of the weights of the two metals, as represented by the 
atomic ratio 1 : n, the above formula becomes 

r — T = n (r' — T). 


Several experiments we quoted by Budberg in confirmation of 
his view, some of which indeed approximately correil{>ond with it. 
(In calculating the formula for the bismuth-compounds, the new 
atomic weight of this metal, agreeing with Dulong^s law, has been 
adopted. 

The following fusing points were obtained by Budberg : 


For SnA228H Pb»326<^0 
SnaPb»182*5 182*5 

46 *0 143 5 

3 . 46 *0 - 138* 0 


Sn»2280*5 Bi»2680*3 
SD3Bi,»136*4 136*4 


92 *1 131 *9 

3 . 92 *1 » 276 *3 
2 . 131 *9 « 263 *8 


Sn»=228«*5 Cd»320>*0 
Sii3Cd»173*8 173*8 


54 *7 146 -2 

2.54*7 » 109*4 


(1) Millon et Reiset’s Annuaire de chimici 1848, 498. 

(2) Pogg. Ann. LXXI,460 ; Ann. Ch. Pharm. LXIV, 183. 
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Bi«268«*d Cd>-32<P*0 Bi«268<’*3 Pb«3230*0 

BiCd»146*3 146*3 Bi4Pbg«125*3 125*3 

122*0 173*7 ' 143*0 200*7 

4 . 143 *0 * 572 *0 
3 . 200 *7 « 602 *1 

The results; with the exception of those obtained with alloys of 
cadmium; are approximately concordant. Budberg seems to have 
been of opinion; that the atomic weight of cadmium; generally 
adopted; not agreeing with Dulong^s laW; a correction would 
produce corresponding results ; thiS; however; is not the case. 

Budberg conjectured; that in ternary alloyS; the sum of the 
quantities of heat in the more electro-positive metals equalled the 
quantity of heat in the more electro-negative metal. The fusing 
points of an alloy Zn Fbj) Sn^ examined by Svanberg and of its 
constituents are as follows : 

Zn == 4000*0 Pb » 3260*0 Sn » 2280*5 
Zn Pb, Sng == 168 *0 168 *0 168 *0 

232*0 158*0 60*5 

232*0 + 2 . 158*0 = 548*0 
9 . 60*5 » 544*5 

On speeliic Heat, Fuslna Point, nnu Intent Fnslon-Heat. — Person 
has published researches on the specific heat of vanous bodies in the 
solid and fluid states; on their latent fusion-heat; and on the 
connection between these properties ; his observations are contained 
in short noteS; and in more detailed communications; which have 
both to be discussed : the statements made therein not being always 
in accordance with each other. 

In his earlier publications(l); he communicated the following results 
of his investigations. T represents the fusing pidint; L the latent 
fusion heat of the unit of weight ; in the third column the 
temperatures are given; between which the specific heat W was 
determined. 

(1) Compt. Rend. XXIII, 162; Instit. 1846, 247; Pogg. Ann. LXX,300; Compt. 
Rend. XXlII, 336; Tnttit. 1846, 277 ; Pogg. Ann. LXX, 302 ; Ann. Ch. Pharm. LXIV, 
179. 


Qautities 
of heat in 
meUUie 
mixtorea. 



THERMOLOGY. 


55 


Substance. 


m,. 

T 

L 


W 

Tin • . . . 



23500 

14-3 ^ 

^340® 

and 240*^ 

0*061 

Bismuth 



270 

12.4 

370 

9f 

280 

0*035 

Lead .... 



332 

515 

440 

fp 

340 

0*039 

Alloy Pbj So, Bi, . 



96 

5-96 

300 

9t 

136 

0*030 

Ditto 



— 

— 

136 

tf 

107 

0-S47 

Ditto 



— 

— 

80 


14 

0*060 

Ditto 



— 

— 

50 

fp 

12 

0*049 

AUojr Pb Sn, Bi . 



145 

7-63 

330 

II 

143 

0*046 

Phosphorus . 



44*2 

4-71 

100 

II 

50 

0*212 

Sulphur 



115 

9-175 

147 

II 

120 

0*235 

Nitrate of soda 



310'S 

62*98 

430 

II 

330 

0*413 

„ „ potassa . 



339 

46*18 

435 

II 

350 

0*344 

Phosphate of soda (P05,2Na0,25II0) 

36-4 

54*65 

79 

If 

44 

0*758 

Ditto . 


• 

>— 

— 

2 


- 20 

0*454 

Chloride of calcium (Ca Cl + 6 HO) 

28*5 

45*79 

127 

II 

100 

0-519 

Ditto . 



— 

— 

I 100 

tl 

60 

0*628 

Ditto . 



— 

— 

60 

II 

31 

0*358 

Ditto . 


, 

— 

— 

28 

If 

4 

0*647 

Ditto . . 


• 

— 

— 

2 

11 “ 

- 20 

0*406 

Bees’-vrax (yellow) . 



620 

43*51 

102 

II 

66 

0*54 

Ditto . 



... 

— 

58 

II 

42 

0*72 

Ditto . . • . 




— 

42 

II 

26 

0*79 

Ditto . 



— 

— 

26 

II 

6 

0*52 

Ditto . . 



— 

— 

2 

11 “ 

- 20 

0*39 

Ice 



— 

j 

0 

11““ 

- 30 

0*505 

Zinc .... 


p 

423 

27*46 




— - 


Onipteific 
hunt, taa^ 


Aidon- 

hMt. 


Person expresses the connection between the fusing point, the 
specific heat of the body in the solid and liquid state, and the latent 
heat by the following formula : 

(160 + T) d = L 

T and L having the above meaning, and d representing the 
dificrence of the specific'' heat of the body in the solid and liquid state; 
he asserts, that in order to obtain the latent heat, the difference of 
the two specific heats has to be multiplied by the. number of degrees 
between — 160® and the fusing point. From the data given in the 
foregoing table, and with the aid of the specific heats, as determined 
by Regnault, he calculates the following numbers as representing 
the latent heat of various substances, with which calculated values he 
compares the results obtained by observation. 


Substance. 

Calcu- 

lated. 

Observed. 

Substance. 

Calcu- 

lated. 

Observed. 

Water . 

79*20 

79*25 

Sulphur. 

9*08 

9-18 

Chloride of calcium . 

43 60 

45*79 

Nitrate of soda 

63*52 

62-98 

Phosphate of soda . 
Phosphorus . 

59*70 

4»76 

54*65 

4*71 

If II potassa . 

52*39 

46-18 
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With Several other bodies^ the ealci|)eted and observed numbers 
db not accord so well in favour of the formula* Person endeavours 
to account for these |piscrepaticies.-<-He found the specific heat of 
wax ih the solid state^ when nearly approadbing its fusing pointy to 
be greatd^ than in the liquid state» so thatj takmg the numbers thus 
obtained as a basisj the formula would lead to an absurdity^ L 
becdhing negative. At a greater distance however from the fusing 
pointy he found the speciflc heat of wax to be much smaller (0*89) ; 
he therefore oonsidera^ that whatever is found above 0*89 should be 
considered as latent heaii, (heat becoming latent before fusion^ heat 
consumed in softening)^ and consequently be deducted from the 
specific heat as found between 2^ and 60^; the formula would then 
become applicable. Again the formula does not apply to metals^ 
their specific heats in the solid and liquid state being nearly equals 
and, consequently, d becoming =: 0. Person, before attempting 
an explanation of this circumstance, considers his formula from a 
different point of view. If the specific heats of the body, in the 
solid and liquid state, be represented by c and C, (160+ T) c 
represents the amount of heat contained in the weight unit of 
the solid body between — 160^ and 'P; by adding the latent heat 
L, the amount of heat contained in the same quantity of the 
body in the liquid state, within the same limits, is found to be 
(160 + T) c + L. The above formula (160 + T) d = L, by 
introducing C — c instead of d, may also be written thus : 

(160 + T) c + L = (160 + T) C, 

f. e. the amount of heat which must be removed from a fiuid mass, 
in order to cool it down to — 160^, can be calculated, without 
considering that its state of aggregation alters, just as though the 
mass remained fiuid. 

He quotes the fact, that several bodies are capable of* remaining 
liquid even below their fusing points, and is of opinion that the fluid 
state of a body may be reconciled with the lowest tempentturaa, and 
that solidification is merely accideittdL-— He then proposes^ in the 
formula already cited, which appears to be inapplicable to metals, 
to represent the specific heat of the body in the liquid state by the 
number found below the fusing point, instead of that observed above it. 
Though these numbers were concordant in many cases, especially in the 
case of bodies easily retaining their liquidity below the fusing point, 
this was not the case with metals. The incorrectness of the formula 
was, therefore, by no means proved by its inapplicability to metals, 
inasmuch as the true values of the specific heat in the liquid state did 
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mt admit of being introdneed. The iqiecMtc hrtt of^ipetala bdiow S518f*!«S 
bhe fusing point might be greater in the hqixA then in the solid state* 

(Here it must be observed^ that it should Iil^wiae »be greater, than ftjiw- 
bhe specific heat of metals^ in the liquid state, ^ove the fiisnig' poiitt, 
ivhich is improbable. Again,, in treating even of nm* 

metallic substances, the experimental number introduced into the 
formula for C, had been obtained for temperatures above the fusing 
point, while nothing proves this number to agree with the specific 
beat of the substance in the liquid state below the fusing point). 

Person draws some farther conclusionB from his experiments and 
formulse. — The heat required for the fusion of metals was propor- 
tionate to the force necessary to separate their particles, as might be 
seen by comparing the fusion-heats with the coefficients of elasticity, 
or with the measures of cohesion. 

The absolute zero was at — 160^. — ^Latent heat was the difference 
of heats contained in the solid and liquid body at the temperatures T 
of solidification. Bepresenting the distance of the usual (arbitrary) 
zero, from the absolute zero by xj, the former was = (x + T) c, the 
latter = (x + T) C, the latent heat = (x + T) (C — c). Experience 
showed X to be =: 160. The latent fusion-beat was probably a 
(rariable magnitude, changing with the temperatures at Which the 
bodies pass from the one state of aggregation to thu other, and dimi- 
nishing with the decrease of these temperatures. 

With the assistance of this latter view. Person has endeavoured to 
solve a problem concerning the fusion of alloys(l). He found the 
latent fusion-heat of an alloy of 8 parts of bismuth, 5 of lead, and 
3 of tin, (corresponding to Bi 3 Pb^ Sng), solidifying at 96^, to be = 6; 
by calculating, however, from the latent heats of the constituents, 
ss given in the foregoing table, we arrive at the number 10*4. 

Person accounts for this difference by the circumstance of the latent 
beats of the constituents having been introduced into calculation as 
bund for higher temperatures, (the fusing points of the individual 
metals,) whereas they should have been taken at 96^, at which tem- 
perature the metals liquify in the alloy, and have an inferior 
latent heat. Direct observation being impossible in this case, the 
latter is calculated in the following manner. In the formula 
(160 + t) d = L, originally (page 55) constructed only for a case 
in which t represented the fusing point in the common accepta- 
tion of the term — ^he assumes t to represent generally a temperature 

(1) Compt Send. XXIII, 626; Instit. 1846, 325; Pogg. Aim.'LXX, 388; Aui. Ch. 

Pharm. LXIV, 181. 
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at which the substanojB may be solid or liquid^ (mr the latter may be 
imagined). For t = the fusing point, t and L being known, d, the 
difference of the specific heats in the solid and liquid state below the 
fusing, point may now be calculated for each metal. Assuming d to 
be knowft, (and to be constant for every metal,) he now finds, for 
every other temperature, the amount of latent heat L belonging to it. 
Thus he obtains for 96^, with tin L =: 9*3, with bismuth L = 7*382 
and with lead L = 2*7, numbers certainly differing considerably 
from those obtained for higher temperatures, (the ordinary fusing 
points,) from which, however, the latent heat of the above mixture is 
found to be 6*3, very nearly coinciding with direct observation. — 
The latent heat of the alloy Pb Sn^ Bi (fusing at 145®) when calculated 
upon exactly the same principle, was found to amount to 7*85, direct 
experiment giving 7*63. 

According to Person, the latent fusion-heat of mercury is 2*82(1), 
the fusing point of cadmium 320®*7, (air thermometer) and its latent 
fusion-heat 13*58 ; that of silver was found, (with less certainty) to 
be 21*07(2). 

In a later publication on latent fu8ion-heat(3). Person endeavours to 
give further arguments in favour of the formula quoted, and of the de- 
ductions drawn from it. In this paper, he communicates the investiga- 
tion of fewer substances than those specified in his former publications ; 
entering, however, into a* more accurate description of all the details 
of experiment. He first describes the calorimeter, employed in 
the determination of the latent and specific heat, (he operated by 
the method of mixture,) and discusses the corrections which the 
direct experimental numbers require ; he then communicates the 
results obtained with five different substances. 

He ascertained the specific heat of ice by determining the decrease in 
temperature, which ice, cooled down to about — ^20®, produced without 
melting, in a liquid. He found 0*5070, as the average of several very 
concordant experiments, in some of which oil of turpentine, (specific 
heat at about 0®=0*416®,) in others a solution of sea salt, (100 parts 
of wator containing 6*75 parts of chloride of sodium, specific heat 
0*95,) was employed. He ascertained the same value by measuring 
the decrease of temperature produced in water by ice when allowed 


(1) Comiit. Rend. XXV, 334 ; Fogg. Am LXXUl, 469 ; Ann. Ch. Phys. [3] XXIV, 
257 ; Ann. Ch. PhamwLXVlII, 180. 

(2) Compt. Rend. XXVII, 258 ; Arch. Ph. Mat. IX, 135 ; Pogg. Ann. LXXV, 460 ; 
detaUed in Ann. Ch. Phys. [3] XXIV* 265. 

(3) Ann. Ch. Phys. [3] XXI, 295; Pogg. Ann. LXXIV, 409 and 509. 
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to melt, (correction of course being m in the calculation for the 
latent fusion-heat of ice, which was assumed to be known). The 
average of several experiments gave the number 0*5057 as the specific 
heat of ice ; the mean of the numbers obtained by the two methods(l) ^ * 
being therefore 0*504. By substituting this number for & in the 
formula (x + T) . (C — c) « L (see page 57), Person calculates 
the value of x ; the other magnitudes in the case of water* being 
known, namely, T = 0, C = 1, L = 79*25. — ^The latent fusion-heat 
was variable. The weight-unit of water at 0^, on freezing, liberated 
79*15 units of heat. Five heat-units (the specific heat of ice being 
0*5) were required to raise the temperature of the weight-unit of 
ice from — 10® to tf*, and 79*2 heat-units to melt it. The 
weight-unit of ice at — 10^, when melting into water of 0®, absorbed, 
therefore, altogether 84*2 heat-units, and, vice versd, the same amount 
of heat had to be abstracted in the reconversion of water at that tem- 
perature into ice of — 10®. Supposing- water of 0® to be cooled 
down to — 10® without solidifying, it lost 10 units of heat, and 
when now suddenly converted into ice, it could lose no more than 
84*2 — 10 = 74*2 units of heat ; this was, therefore, the latent 
heat of liquid water at — 10®, a value considerably differing from 
that at 0®. The variation of the latent heat, with the temperature T, 
for which a change in the state of aggregation is assumed, is expressed 
by the formula that has been repeatedly quoted. The specific heat of 
water, liquid below 0®, was just now assumed to be = 1. Person 
has convinced himself that the cooling of water, passing without 
solidification, from a temperature above 0® to a temperature below 0®, 
takes place regularly, and without the sudden change in the relation 
between time and intensity of cooling, that would be occasioned by a 
change in the specific heat. 

According to Person, the specific heat of solid phosphorus between* 

7® and — 21® is 0*1788 (Begnault states it to be 0*1887 between 
10® and 80®), the fusing point is = 44*2®, its specific heat in the 
fluid state is = 0*2045, its latent fusion-heat = 5*0. He estimates 
the latter at 5*2, by a calculation based on later determinations^ 

The fusing point of sulphur, not over-fused by too much heating, 
was found to be 115®, the specific heat of liquid sulphur, between 


(1) A third method of ascortaiuing the specific heat of ice from the wmght of ice 
deposited upon a known amount previously coded below 0®, when introduced into water 
at 0®, has been tried by Clement and Difsormes; Person found this method inap- 
plicable, as the quantity of ice, far from being definite, augments with the time during 
which the cooled icc is left immersed. 
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12(y and 160^, = 0*334; the latent fa8ion<«heai = 9*87* His formula 
iuSi gives for the latter 9‘3Si (the specific heat of sulphur being taken 
as 0’3). 

He found the fusing point of nitrate of soda to be 810^*5; its 
specific heat in the fluid state^ between 430^ and 820^^ = 0*418; 
the latent fusion-heat 62*975. According to his formulsj it is 
68*4^ the specific heat of solid nitrate of soda having been taken at 
0*27821^ according to Begnault^s determination. 

For nitrate of potassa^ he found the fusing point to be 839^; its 
specific heat in the fluid state^ between 850^ and 435^, = 0*33186 ; 
its latent fusion-heat := 47*371 ; calculated by his formula the latter 
is 46*462 (the specific heat of solid nitrate of potassa being taken at 
0*23876 according to Begnault). 

Person now discusses some farther inferences from his formula^ 
which we have already pointed out, and promises to develope more 
fully, in another communication, his assertion that bodies cease to 
contain heat at a temperature of 160^ below zero. 

In this memoir(l) he first quotes the fact, that the relation of 
the quantities of heat, contained in different bodies at the same tem- 
perature, is given approximately by the ratio of their specific heats; 
this would indeed be accurately thus expressed, if the relation of the 
specific heats among themselves was constant. If, in addition to the 
ratio existing between the total amounts of heat in two bodies, the 
difference of these quantities be likewise known, the former values 
may, be calculated. In representing by x and x^ the absolute quan- 
tities of heat contained in the weight-units of ice and water at 0^, 

their ratio is ^ = — j — (0*504being the specific heat of ice) and their 

difference x^ — x = 79*2 (the latent fusion-heat of water) ; from this 
we find X to be = 80 and x^ = 160, t. e, the quantity of heat existing 
in each of these bodies is = 160 times the specific heat, or, their total 
amount of heat is expelled by lowering their temperature to — 160^. 
Hence — 160^ must be the absolute point of zero. 

FeAon then proceeds to communicate the details of his experi- 
ments with metiJs. His results differ somewhat from his former 
statements, (see page 54) ; they are as follows, (the numbers of 
Begnault being taken for the specific heats in the solid and fluid 
states, and the last column denoting the limits of temperatures 
between which the specific heat of the substances in the liquid state 
holds good). 

(1) Aim. Ch. Phys. [3] XXIV, 129. 
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Metal. 

Fusingpointbythe 
mercury- | air- 
thermometer. 

' . 

SpecifiC'hett ill the 
solid 1 liquid 
• state. 

Latent 

fusion- 

heat. 


Tin . . 


2350-0 

2S2»-7 

0*0362 0*0637 

14*252 

250« Md 3500 

Bismuth . 

. 

270-5 

266 -8 

0*0308 0*0363 

12*640 

280' „ 380 

Lead . . 

• 

334 *0 

326 *2 

0*0314 0*0402 

5*369 

350 „ 450 

Zinc . . 


433 *3 

415 -3 

0*0956 — 

28*130 



The specific heat of metals in the liquid state is certainly greater 
than that of metals when solidj in no greater ratio, however, 
than that which Dulbng found for the increase in the specific heat 
of metals remaining solid at high temperatures, so that no incre- 
ment of the specific heat can be * ascribed to the transit from the 
solid to the fluid state. Person treats this point in accordance with 
the views previously communicated by him, (page 56) and adds, that 
in the case of metals, the absence of any such increase in the specific 
heat, so perceptible in the liquefaction of water, sulphur, and salts, 
was probably due to their liquidity being imperfect compared with 
that exhibited by the former bodies. 

He then discusses the determination of latent fusion-heat, and of 
the specific heat at higher temperatures, by means of the method of 
cooling, to which he sometimes resorted, most of his determinations 
being conducted according to the method of mixture. 

Then follows the exact statement of his experiments on the 
specific heat of liquid alloys. In the follo^v^g table, the findl results 
(C) obtained for about 23W are given. Person calls attention to the 
following, — if the specific heat of an alloy be calculated from the spe- 
cific heats of the constituents in the solid and liquid state, the results 
obtained in the former case being k, and in the latter K, then 
k -f- K 

— ^ is found nearly equal to C. The calculation of k refers to a 

temperature as far below 220^, as that for which K has been deter^ 
mined is above this point ; from this the conclusion might be drawn, 
that the specific heats of liquid alloys, and of the individual metals 
contained therein (considering them as a mixture*— as distingliished 
from the real alloys) were equ^ at the same temperatures. 


Alloy. 

k. 

K. 

4(k■^K). 

C. 

Bi, Pb, Sn. . . 

0*03560 

0-04250 

0*03908 

0*03895 

Bi, Pb Sn, . . 

0*03785 

0-04447 

0*04116 

0*04219 

Bj,Pba , . . 

0*03106 

003784 

0*03444 

0*03503 

Bij Sn^ • • • 

0*04150 

0-04792 

0*04447 

0*04540 


According to Person the mipng of fused metals is attended by 



62 


PHYSICS AND PHYSICAL CHEMISTRY. 


an increase of temperature ; on introducing into melted lead a glass 
•ml which contained bismuth in the fluid state^ he found that if a 

flMioa* rapid mixture of the metals was effected by breaking the tube^ the 
temperature rose 30^. Person does not believe this elimination of 
heat to be a chemical effect; he is of opinion^ that less heat is 
contained in an alloy in the liquid state, than in the separate con- 
stituents when liquid at the same temperature. According to 
Personas determination, the accession of 15*748 units of heat is 
necessary to raise the temperature of the unit of weight of Pb 2 Bi 3 
from 2(P to 830^, whereas to produce the same effect with a corres- 
ponding quantity of the constituents in a separate state, 19*570 
would be required. The difference of heat was liberated in the tran- 
sition of the metals into the alloy. With other alloys, (as those of 
bismuth with lead and tin, particularly bismuth with tin,) the above 
difference is found to be less, and observation exhibited an increase of 
temperature correspondingly inferior. Person concludes further, 
that the latent fusion-heat of alloyed metals is smaller than that 
of the metals in the separate state. 

He demonstrates, moreover, that a decomposition takes place 
after the solidification of such alloys as have no point of 
separation, (as^first observed by Budberg), or in other words, in 
which none of the constituents become solid before another, 
one definite point of solidification being exhibited(l). The alloy 
Big Pbj Sng, once solidified, will qtfietly cool down to 57®, when 
the thermometer becomes stationary, or even rises, while the alloy 
expands, bursting the vessel in which it is contained, if made of glass 
or thin metal. An alloy, when poured into water, exhibits this deve- 
lopment of heat at a lower temperature, it may then however amount 
to about 30^ or more. The alloy solidified sffter fusion contains, a 
few degrees below the point of solidification (before the evolution of 
heat), a larger amount of caloric than when heated again to the 
same temperature after having been allowed to cool down perfectly 
(after the evolution of heat) ; in the same manner experiment gives a 
higher specific, heat in the former than in the latter case. Of the 
experiments enumerated in the foQowiog table, the first was made 
with the alloy Bi 3 Pb^ Sn^, under the former circumstance, during the 
others the same alloy was in the latter condition. (Fusing point of 
the alloy 96^. These experiments show, however, that on warming 
the alloy a certain amount of heat becomes latent even below the 

(1) Preliminary notice on this subject Compt. Rend. XXV, 444; Pogg. Ann. 
LXXIII, 472. 
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fusing pointy very likely in consequence of the combination of the 
products of separation, which are eliminated during cooling at lower 
temperatures. T expresses the fusing point, c the specific heat, 
A the thermometric interval in which it was determined, k the 
specific heat, as calculated from that of the constituents ;.c and k 
coincide for considerable distances &om the fusing point. 


Alloy. 

-J 

A 

c 

Alloy. 

T 

A 

c 

k 

Bl, Pbo Sllq t 

950 and 250 

0*1054 

Big Pbg . . 

tt 

122^4 

990 and 17* 

00317 

0*0311 

fp 

95 „ 23 

0*0710 

»> 

99 ,, 16 

0*0316 


ft 

94 „ 22 

0*0690 

Big Sn^ . . 

135*3 

99 „ 17 

0*0450 

0*0415 


82 „ 14 

0*0598 

Bi Pb Sog . 

143 ? 

53 „ 17 

0*0429 

0*0401 

tp 

tp 

51 M 19 
51 „ 12 

0*0374 

0*0377 

>» 


51 „ 19 

0*0417 

pf 


Person has farther endeavoured to find the latent fusion-heat of 
some alloys, as well as the amount of heat liberated during decom- 
position after solidification. He finds : 


For Biy, Pb^ Soj the former 4*50, the latter » 3*15 
» Bigi Pb, S 112 yf = 4*69, tf —^"SO 

He concludes this memoir, by commenting on the view taken by 
Rudberg (see page 53) of the connection existing between the fusing 
points of alloys and those of their components. He does not make 
allowance for the circumstance, that in Budberg^s time, the atomic 
weight almost universally adopted for bismuth, was different from 
the present one, and th^t, consequently, the composition of the 
bismuth alloys, expressed in Budberg's ibrmulse differ from that 
which he assigns to them. The remark that Rudberg had overlooked 
certain properties of some alloys is hence unfounded. Personas 
observations contain, however, several confirmations of Budberg's 
view. Determinations made by the former gave the following fmong 
points : 


Of Bi*.266®-8 Sn« 2320*7 
B3Sn4*:135 *3 135*3 


131 *5 97 *4 

3 . 131 *5 « 394 *5 

4 . 97 *4 » 389 *6 


Sn- 2320*7 Pb=* 3260*2 
Sn8Pbal82 *8 182 *8 


49 *9 143 *4 

3 . 49 -9 « 149 *7 


Bi» 2660*8 Pb:»326P*2 
BisPbi=:122*4 122-4 

144 *4 203 *8 

3 . 144 *4 » 433 *2 
^ 2 . 203 *8 « 407 ^ 


Personas results, which appear as the second terms in this con- 
spectus, exhibit ev^ in d.etails a close coincidence with Budberg^s 
statements respecting the same substances. 
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pobif^ n«la(r polntt speeine and latent Heat, of PbospEorus.— 

I}esain8(l) foand the fusing point of phosphorus to be 44^*2; by 
befet^oT observing the time necessary for the cooling of solid and fused 
plora^ phosphorus (remaining liquid below (he fusing point)| he considers 
the specific heat of this body to be the same in ,both states^ (in 
contradiction to Per soli see page 59)j and finds it^ by the 
method of coolings to be 0*2. He determined the latent fusion-heat^ 
by ascertaining the increase of temperature exhibited in the solidifi- 
cation of liquid phosphorus^ cooled down below the fusing point ; he 
thus found it to be 5*4^ and by the method of mixture it was found 
= 6*06. 

EpecUie Heat of Componnds.— W oestyn(2), (unacquainted with 
the earlier researches of Schroder) (3), has studied the connection 
between the specific heat ^of compounds^ and that of their consti- 
tuents. Assuming A to Represent the atomic weighty and G the 
specific heat of a compound a^ a2> a3 . • • . the atomic weight(4), 
Ci^ C2, C3 • • . • the specific heat of the constituents of the compound, 
and n|, n2, n3 • • • • figures denoting the number of atoms of each 
element contained in an atom of the compound, he proposes the 
following law, 


iC = niaiCi 4* n^aaCa + 


To establish his formula, he compares the values of A C, calculated 
for several compounds and alloys, with those empirically found, 
(the results obtained by Regnault being taken as the basis). It 
follows from this law that if the formulse and the values for A C of 


several compounds be deducted from each other, whenever the 
differences of the formu]f|^ are equal, the corresponding values of A C 
will likewise be equal. Finally, with the aid of this law as a basis, 
the product of the specific heat with the atomic weight for one of the 
components of any compound, may be found, if the corresponding 
product be known for the compound itself and the other compo- 
nents. The calculations communicated by Woestyn for the elaW 
ration of the law and his conclusions, gave resifits corresponding 
very satis&ctorily both with observation, and among themselves. 


(1) Compt. Rend. XXIIL 149; Initit. 1846, 247 ; Arch. Ph. Nat. 11, 409 ; Ann. Ch. 
PhyB. [3] XXll, 432 ; Pogg. Ann. LXX, 315. 

(2) Ann. CIS Phys. [3] XXllI, 295; Pogg. Ann. LXXYI, 129; abstract Ann. Ch. 
Pharm. LXVIII, 175. 

(3) Pogg. Ann. Lll, 269. 

(4) Woestyn assumes the atomic weight of several dements (Sb, Bi, Ag, K, Na, Cl, 
6r, I, N) to equal to half their equivalents, an assumption fiso made by Regnault 
in his researches on spedftc heat. 
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Specific Heat of Water at difiiereiit'i'einperatfires. — Begnault(l) 
has determined very accurately the specific heat of water at various 
temperatures. His results show^ that the quantity of heat^ Q, which pentures. 
is lost by 1 weight-unit of water when cooled from T® to (y, 
expressed in units of heat^ is 

Q = T H- 0-00002 T2 + 0 0000008 'P 
and the specific heat C of water at P 

C = 1 + 0-00004 T + 0 0000009 P 
according to which formulae the following numbers were obtained : 


T. - 

Q. 

c. 

B 

MM 

* C. 

* 

H 

Q. 

C. 

QO 

0*000 

1*0000 

100“ 

lOO'SOO 

1*0130 

200“ 

203*200 

1*0440' 

50 

50*087 

1*0042 

150 

151-462 

" 1*0262 

230 

234*708 

1*0568 


Specific Heat of lUffCrent Fiiiid8.-r-H. Kopp(2) has determined the 
specific heat of the following liquids. (The third column indicates 
the thcrmomctric interval in which the determinations were made). 


Mercury .... 

0*0332 

44“ to 24“ 

Formic ether . . . 

% 

0*513 

39“ to 20“ 

Pyroxylic spiHt . 

0*645 

43 

„ 23 

Acetate of methyl . 

0*507 

41 

9, 21 

Alcohol .... 

0*615 

43 

„ 23 

Acetic ether . . . 

0*496 

45 

» 21 

Fusel-oil .... 

0*564 

^4 

„ 26 

Butyrate of methyl . 

0*487 

45 

» 21 

Formic acid . . 

0*536 

45 

„ 24 

Valerianate of methyl 

0*491 

45 

„ 21 

Acetic acid . . . 

0*509 

45 

» 24 

Acetone .... 

0*530 

41 

„ 20 

Butyric acid . . 

0*503 

45 

.. 21 

Benzole. .... 

0*450 

46 

» 19 

Sulphuric acid . . 

0*343 

46 

,, 21 

Oil of mustard . . 

0*432 

48 

„ 23 


Andrews(3) determined the 'specific beat of bromine between 
450 and IP, to be 0107. 

Specific Heat of Hascs. — Favre and Silbermann(4) have de- 
scribed an apparatus for determining the specific heat of gases under 
different pressures. They will communicate hereafter the results 
obtained. 

Boiiins. liatcnt Vapoar-heat of Water. — Begnault(5) has made 
extensive experiments on the latent heat of steam, and particularly on 
its quantity in saturated steam generated under different pressures. 


(1) Relation, &c. (see p. 52), 729. 

(2) Pogg. Ann. LXXV, 98; Ann. Ch. Pham. LXVIII, 177 (in abatract), 

(3) Ghem. Soc. Quart. J. 1, 18 ; Pogg. Ann. LXXV, 335. 

(4) Conjpt. Rend. XXVII, 66.^ 

(5) Relation &c. (see p. 92), 635 and 748. 
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Bolling. Two different views had been previously proposed respecting this 
subject. Watt maintained^ that the quantity of heat necessary foif 

ofwater. Conversion of a weight*unit of water at 0® into vapour, was 
subject to no change, whatever the pressure under which it was 
generated, t . e. that the sum of the latent heat and the heat indicated 
by the thermometer, in saturated steam, was constant. Southern, 
on the contrary, asserted that this sum varied according to the 
temperature, inasmuch as it was expressed by the heat of steam 
indicated by the thermometer (its temperature) and its latent heat, 
the latter being constant. Thus, according to Watt, the totsl 
amount of heat contained at any temperature in saturated steam is 
constant, according to Southern only the latent heat is so. 

Begnault found, that experiment confirmed neither the one nor 
the other of these views. His results showed, that the weight-unit 
of saturated steam of T^, contained a quantity of heat exceeding that 
of the Weight-unit of water of 0®, by X = 606*5 + 0*805 T, 
expressed in heat-units. By deducting from X the difference of the 
amounts of heat contained in the weight-unit of water at T® and at 
0® (values more accurately known since Begnault^s researches on 
the specific heat of water at different temperatures), we obtain L, the 
latent vapour-heat of water at T®. The following are, according to 
Begnault^s determinations, the values of X and L for saturated 
steam of the temperature T, and the corresponding elasticity, E, 
expressed in millimetres and atmospheres : 


T. E. 

X. 

L. 

T. E. 

X 

L. 

mm. atm. 



mm. atm. 



0<> 4-60 0-006 

606*5 

606-5 

1500 3581-23 4-712 

652-2 

500*7 

50 91-98 0-121 

621-7 

571-6 

200 11688-96 15-380 

667*5 

464*3 

100 760-00 1-000 

637-0 

536-5 

230 20926*40 27*535 

676-6 

441*9 


Considerations, particularly from the theoretical and mathe- 
matical point of view, respecting latent vapour-heat have been 
communicated by Fouillet(l), who endeavours to establish a 
connection between his views and the experiments of former 
inquirers. An abstract of this memoir cannot well be given, the 
same applies to a note on the heat of vapours by Lubbock(2). 
We limit ourselves to pointing out, that Pouillet also arrives at 
the result, that the high^* the jtemperature of saturated 

(1) Compt. Rend. XXIV, 915; Pogg. Ann. Eig^bizmigi, Bd. II, 579. 

(2) Pha, Mag. C3] XXXI, 90. - 
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steam, the larger the total amount of heat, and the smaller 
that of latent heat ; that, with carbonic acid vapour, on the con- 
trary, the total amount of heat diminishes with increasing tempera- 
tures, and that the same deportment is exhibited by the vapour 
of condensed protoxide of nitrogen. He found the latent heat of 
steam at 0^ to be = 560^ (differing considerably from Be^ault^s 
more accurate determinations). 

Xiafent Vapour-Heat of omrent BoOles.^ — ^Andrew8(l) has ex- 
amined various liquids as to latent vapour-heat, and severtd other pro- 
perties. The fluid under examination was heated to ebullition in a small 
flask, the neck of which was connected with a receiver having a vertical 
serpentine tube, both of glass, and immersed in water. The increase 
of temperature of the latter having been observed, the quantity of 
vapour which had given rise to this increase was determined by 
Weighing the receiver before and after the experiment. A screen 
protected the vessel of water from being heated by radiation from 
the flask ; the necessary corrections for the loss of heat sustained by 
the w^er during the experiment were also attended to. — ^Andrews 
observed the boiling points whilst the thermometers were in the 
vapour. — ^The specific heat was determined, by rapidly pouring the 
heated liquid into a small glass tube immersed in water, noting its 
increase of temperature, ascertaining the weight of the fluid poured 
into the tube, &c. He obtained the following results : 


Substance. 

Latent heat. 

Boiling point. 

Specific 

beat. 

A 

B 

Water .... 

535-9* . 

318-3 

100® at 760®“ 

1-000 

Alcohol .... 

202-4 

324*2 

77 -9 „ 760 

0-617 

Bromine .... 

45-6 

269-6 

58 760 

0-107 

Terchlor. of phosph. (PCI 3 ) . 

51-4 

244-4 

78 -5 „ 767 


Chloride of zinc . 

30-5 

253-5 

112 -5 ,, 752 

..... 

Bisulphide of carbon . 

86*7 

254-9 

46 -2 ^ 769 

' ... 

Bther . . 

90-5 

268-2 

34 *9 „ 752 

0*517 

Iodide of ethyl . . 

46-9 

254*7 

71 -3 „ 760 


Oxalic ether ‘ j ' . 

72-7 

291-4 

184 -4 „ 779 

0*457 

Acetic ether . . . ! 

92-7 

287-9 

74 -6 „ 762 

0-474 

Formic ether 

105-3 

290-3 

54 -3 „ 762 

0-485 

Pyrozylic spirit . 

263-7 

303-5 

65 -8 „ 767 

0*613 

Iodide of methyl (C 4 He 1). 

46*1 

252-8 

42 -2 752 

«... 

Acetate of oxide m methyl . 

110-2 

303*6 

55 „ 762 

«... 

Formiate of oxide of methyl 

1171 

282*8 

32 *9 ,, 752 

— 


(l) Chem. Sod Qu. J. I. 27. . 

F 2 
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Latent va- 
pour-heat 
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of different 
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A shows the latent h^t of thB weight-unit, B of equal volumes of 
the vapour (1 litre) at the boiling point. 

liRtent Tapour-Heati — ^Per8on(l), on the assumption that the ab- 
solute zero was at — 160^ has constructed a formula analogous to 
that for latent fusion-heat (page 65), for the relation existing between 
latent vapour-heat, boiling point, and specific heat of bodies in 
the state of fluids and of vapours. He considers the latent vapour- 
heat to be the difference between the total amount of heat in a 
liquid, and that in the vapour at the boiling temperature. If 
the latter be termed T, the average difference of the specific 
heat of the liquid and vapour d, the latent vapour-heat was 
= (160 + T) d. He has calculated d for several substances, of 
which the boiling point T, the specific heat in the liquid state, and 
the latent vapour-heat are known. In this case, however, the values 
of L and d do not refer to weight-units, but to atomic weights, (the 
formulae adopted corresponding to 2 volumes of vapour, 0 being 
= 1, H = 0*125, C = 0*76, &c.) ; the column Tot. Am. gives the 
total amount of heat contained at the boiling point in one atom of 
the vapour, [that is, (160 + T) A. c -f L, A representing the atomic 
weight, and c the specific heat in the liquid state]. 


Substance. 

D 

D 


D 

Substance. 

B 

n 

Tot. 

Am. 

d 

Ether 

35«-7 

426 

898 

2-17 

Oilofturp. 

1560-8 

653 

1764 

206 

Bisulphide of carbon 

46 -6 

502 

719 

2'42 

Sulphur . 

316 -0 

724 

1392 

1-52 

Pyroxylic spirit . . 

66 '5 

582 

866 

2-56 

Sulph. acid 


748 

1791 

1-53 

Alcohol . . . . 

78 -8 

597 

1024 

2*50 

Mercury 

350 *0 

775 

988 

1-52 

Water 

100 *0 

602 

892 

2*31 







He finds, that d varied but little and uniformly, and that the 
total amount of heat in several vapours, differing widely in their 
eomposition and temperature, was nearly the same. 

Person had already asserted in 1843, that the latent vapour- 
heat was the same for substances of the same boiling points, and 
that, with other bodies, it, varied with the boiling point. In sup- 
port of this assertion, he subsequently brought forwajd(2) a series 
of substances of which the boiling points had been communicated 
to him by Favre and Silbermann. The formula and atomic 
weights have reference to the assumptions before-mentioned. 


(1) Compt. Rend. XXIII, 337 ; Instit. 1846, 277 ; Pogg. Ann. LXX, 302, 

(2) Compft. Rend. 524 ; Instit. 1846, 302; Pom. Ann. llkX, 386 ; Ann. Cii. Pharm. 
LX1V,185. 
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Substance* 

Composition. 

Boiling point. 

■ 

Latent heat. 

For the 
atomic 
weight. 

For the unit 
of weight. 

■ 

dher • . a • . • . 

C 4 Hg 0 

35«*6 

421*3 

91*1 

Pyroxylic spirit . . • . 

C H® 0 

66 -5 

527-7 

263*8 

Acetic ether 

C 4 H 4 0 

74 -0 

582-0 

105*8 

Alcohol . ... 

C, H* 0 

78-4 

598*8 

208*3 

Butyrate of oxide of methyl . 

c» H. 0 , 

93-0? 

556-5 

87-3 

Water . . . 

Hb 

100 

603-0 

536*0 

Formic add . . 

Cj Ha 0 , 

100 0 

6940 

120*7 

Oxide of amyl 

Cio 0 

113 -0 

685*0 

69*4 

Acetic acid .... 

Pa Ha Oo 

120 -0 

382 0 

101*9 

Fusel-oil .... 

Cs Hg 0 

132 0 

606*8 

121*4 

Oil of turpentine . . . 

Cgo Hjg 

156 *0 

584*0 

68*7 

Terebene . . . . 1 

CaoH„ 

156 *0 

571*0 

67*2 

Oil of lemons 

t'ao ^16 

165 *0 

5950 

1 700 

Butyric acid 

C4 H 4 Oa 

164 0 

632*0 

' 114*9 

Valerianic acid . • 

C, H 5 Oa 

175 0 

660*0 

103*5 

Hydrocarbon 


198 0 

629*0 

59*9 

Hydrocarbon 


255 0 

783*0 

59*7 

Fthal-alcohol ... 

0 

360 0? 

884*0 

58*4 


As a general rule, the latent heat (for the atomic weight) increased 
with the rise of the boiling point ; Person explains the exceptions 
in the following manner : With acetic acid, the results were influ- 


enced by the formula assumed, not being exactly equivalent to 2 
volumes of vapour ; (he recalls the inconstancy of the density of its 
vapour, as pointed out by Cahours and Bineau). The same would 
hold good for butyric acid, and perhaps also for butyrate of oxide of 
methyl (with the latter an assumption of this view would scarcely be 
justified; variation with the temperature of the relative vapour- 
densities having by no means been found in the case of ethers). 
The formic acid employed contained water. With oil of turpentine 
a concordant result was obtained, if the latent heat of the weight- 
unit were taken at 76-8, according to Despretz. In genend the 
increase of the latent vapour-heats were parallel to the rise of the 
boiling points. 

L. Smith(l) has called attention to the fact, that water may be 
frozen in vacuo even without the presence of absorbents of aqueous 
vapour, if contained in a vessel, the interior of which is lamp- 
blacked. 


poaf*1icit* 


Spheroidal State. — ^Boatigny(2) gives the following definition of 


(1) SUL Am. J. [2] I, 265 j Pogg. Ann. LXX, 174 i Ann. Ch. Phnnn. LXIV, 185. 

(2) Compt. Rend. XXVI. 320 j J. Chim. M^d. [3] V. 3. 
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Ole pMnoinenoii usadl^ Mom tuideir^^ Leidcnfrost^s 

' ^zp^ment j a body placed upoti alieated sUiiace ia in the spheroidal 
condition^ when^ assuming the globular fornij and remaining on that 
sUi&ce out of the sphere of both physical and chemical action^ 
it reflects the radiant heat^ its molecules being with reference to 
heat in a stable equilibrium^ i. e. its temperature being constant^ or 
only changing mthin veiy narrow limits. 

Faraday(l) succeeded in rapidly freezing mercury by a mixture of 
ether and condensed carbonic acid^ after it had assumed the sphe- 
roidal state in a red-hot platinum crucible ; certainly, a very remark- 
able phenomenon, the mercury freezing in a red-hot crucible. 

Moritz(2) states, that even upon glass, water may be easily 
obtained in the spheroidal state, when placed at the boiling tempera- 
ture upon a heated glass surface. 

**Biiiiipinff** In boiunp ftiiqnias. — ^By the observation that liquids 
freed from air may be heated above their boiling points, without enter- 
ing into ebullition, Donny(3) had been led to suppose that liquids 
possessed a much more powerful cohesion than is usually ascribed to 
them ; that the formation of vapour took place only at the surface 
of the fluid, or when % bubble of air was contained in it ; that the 
boiling point depended on the amount of air absorbed by the liquid ; 
finally, that the so-called bumping of liquids during ebullition was 
due to the circumstance that the greater part of the air being 
expelled, the formation of a bubble of vapour could dbly take place 
at long intervals. Louyet(4) contests these views, and endeavours 
to account for the above phenomena by the increased attraction of 
the sides of the vessel for the fluids. 

Redwood(5) recommends the use of glass vessels, coated inside 
with silver or platinum, for the distillation of substances liable to 
bump during ebullition. 

Volatility of fixed Substances with Steam. — It is known that some 
bodies — ^for instance, boracic acid — of a very fixed nature per se, when 
dissolved in a liquid, volatilize with the vapours of the solvent, when 
heated to ebullition. LarQcque(6) has found this to be the case 
with a great number of substances. 


(1) Ann. Ch. Pbys. [3] XIX, 333; Pogg. Ann. LXX, 5S0; J. Pr. Chem. XL, 374. 

(2) Pogg. Ann. LXXII, 112. 


(3) Ann. de Phys. [3] XVI, 167 ; Pogg. Ann. LXVII, 562. 

(4) Instit. 1848, 294. 

(5) Pharm. Trans. VlII, 78. 

(6) J. Pharm. [3] XIV, 343. 
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Reiatton between CenavMltlon and BoUIbr S.opp(l) ggjgg 

has pointed out that the boiling points of analogous ohlorine and 
bromine compounds differ 82®, 2 x 82 s 64®, or 8 x 82 bs 96^^ if 
respectively, 1, 2 or 3 atoms of chlorine in the one, are replaced by 
bromine in the other substance. ^ * 

Tension of Vapours. — ^Babo(2) has compared the elasticity of the 
vapour of saline solutions with that of steam. At the tempera- 
ture at which a saline solution boils, and the vapour formed balances 
the pressure of one atmosphere, steam possesses a higher elasticity. 

Babo has investigated the connection existing between the difference 
of these elasticities, and the amount of salt in solution; he found 
that for an increase in geometrical ratio of this difference *the quan- 
tities of the salt added to 100 parts of water to form the solutions in 
question, liki^ise rose in geometrical proportion. (The boiling points 
of saline solutions of different degrees of concentration were taken 
from Legrand^s observations, which several experiments had proved 
to be correct). We give, as an illustration, the following table, in 
which A represents the boiling point of a salt-solution at 760™“, 
containing for 100 of water, the quantities of chloride of calcium 
indicated in column C, and B (in atmospheres of 760™“) the elasti- 
city of aqueous vapour at the given temperature. 


A 

B 

C 





Observed. 

Calculated. 


102®*5 

1*1 

19*05 

19*05 


105 *1 

1*2 

29*72 

29*09 19*05 K 

1.526 

110 *0 

1*4 

44*0 

44*42 = 19*05 X 

1-526* 

117 *7 

1*8 

66*7 

67*84 * 19*05 X 

l-526» 

129 *7 

2*6 

103*67 

103*59 - 19*05 X 

l-526< 

146 *5 

4*2 

157*95 

158*19 » 19*05 X 

l-526‘ 


The quantity of a salt that produces, with 100 parts of water, a 
solution boiling at the temperature at which the elasticity of steam 
is = 1 + (0*1 X 2“) atmospheres, may hence be expressed by 
S X F°. Babo has ascertained the values S and F for the fol- 
lowing salts (all considered as anhydrous) : 

S F s F 

Chloride of calcium . . 19*05 1*526 Nitrate of potSssa . . . 34*30 2*31 
Chloride of strontiom . 28*65 1*55 „ sods .... 23*45 1*999 

Carbonate of potassa . . 28 1*55 ,, lime .... 33 1*58 

Acetate of potassa . . * 24*30 1*73 h ammonia . . 26*9 { 083 


(1) Ann. Ch. Phann. LXVII, 356; Pharm. Centr. 1849, 123. 

(2) ** Ueber die Spannkraft des Wasserdampfs in Salzloanngen/* Fireibiirg, i. B, 1847. 
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He finds a connection to exist between the values and the 
sp^ific volume of the salts, inasmuch as the values are nearly 
proportionate to the specific volumes. 

Babo found that at temperatures below the boiling points, the 
elasticity of the vapour of chloride of calcium solutions, of varying 
concentration, diminishes in the same ratio; for instance, a solu- 
tion of chloride of calcium, boiling at a temperature of 118^, at 
which temperature the elasticity of the vapour of pure water is 
= 1*8 atmospheres appears to give, at all temperatures, vapour 
of an elasticity 1*8 times smaller than that of pure water. The 
same simple relation does not exist .with solutions of other salts. 
We add,* expressed in millimetres, the following determinations 
by Babo, of the elasticity of aqueous vapour rising from chloride 
of calcium solutions at different temperatures : A ifloiling point 
IIS% B (110°), C (105<^). 



40® 

45® 

50® 

55® 

60® 

65® 

70® 

A . 

. 28 

38 

49 

62 

79 

100 

123 

B . 

. 38 

50 

65 

81 

103 

127 

159 

C . 

. ... 

58 

76 

97 

125 

150 

188 


Farey(l) communicates the following results, obtained in measur- 
ing the elasticity of steam by Southern, a mathematician employed 
in Wattes factory, in 1814. 


Atmospheres. 

1 

2 

4 

8 


Pressure in English inches of : 

Mercury. TemperatureP C. 


29-8 

100 

59*6 

121*25 

119-2 

145*2 

238-4 

1731 


Alexander(2) gives a formula of interpolation for the elasticity of 
steam : 


Vl80^1695/ 

in which p represents the ela^city in English inches, t the tem- 
peratnre according to Eahrenhat, 180 the known fundamental space 
of this thermometer-scale, 990° the latent vapour-heat, 1695 the 
increase of volume on the conversion of water into steam. — ^This 
formula is tolerably applicable to high, as well as low temperatures ; 
the theoretical deduction is, however, unintelligible, and of no value. 

(1) Pha.Msg.[3]XXX,113. 

(2) sm. Am. J. [2] VI, 210 ; PhiL Msg. [3] XXXIV, 1 and 98. 
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The form of the expression is by no means new^ corresponding^ 
as it does^ with the formulse of Young(l)^ Corioli8(2)^ Tred- 
gold(3)^ Mellet(4)^ Spa8ky(5)^ and Dnlong( 6 ). — ^Alexander 
ha^^ for comparison with his formnla^ arranged synoptically the 
measurements made by Watt (1774)^ Robison (177^^ Betan- 
court (1790), Southern (1797—1803), Dalton (1801 and 1820), 
Ure (1818), Arzberger (1819), Taylor ( 1822)5 the French 
Academicians (1829), the Franklin Institute ( 1886)5 cmd by 
Regnault (1844). 

Shortrcde(7) has given a review of the different formulse proposed 
for the expansion of aqueous vapour. He himself has constructed a 
formula precisely similar to that of Magnus, for the temperatures of 
the mercury-thermometer, and for the atmospheric pressure of 0*76“ as 

1623 

unit, namely log A= 5 — 225 " T " t centigrade scale, or 

OQOK 

log A = 6-47712125 — 5 = 5 —; — for the Fahrenheit scale, and for the 
o7o + t 

elasticity in English inches of mercury. 

Faraday, finding that a gold leaf suspended over mercury below 
0 ^ exhibited no change, had concluded from this experiment that 
vapour was no longer evolved from mercury at this temperature. 
G. Karsten( 8 ) has observed that the sun-picture on a daguerreotype 
plate will become visible on exposure oter mercury even below 0 ®, 
proving that this metal vapourizes even at that temperature. 

Formstion of Dew. — ^Melloni(9), incited by an opposition which, 
long ago given up in other places, seems still to be maintained here and 
there in Italy, against Wellses theory of the formation of dew, has 
subjected this theory to revision, and has not only confirmed it in all 
essential points, but has also enriched it with some accurate determi- 
nations and observations of his own. — His apparatus consisted of three 
concordant thermometers, whose bulbs were surrounded with thimbh^ 
like, polished, silver vessels, while cylinders of tinned plate enclosed 
their graduated spindles. The metallic cover of one thermometer 
was blackened, those of both the others were bright ; the instruments 
were inserted in a horizontal position, through lateral apertures. 


(1) Pogg. Ann. XXVII, 21. (5) Pogg. Ann. XXX, 333. 

(2) Gehler»8 Phys. Woerterb. X, 1065. (6) Idem. XVIII, 437 ; XXVII, 23. 

(3) Pogg. Ann. XXVII, 22. (7) Inslit. 1848, 220. 

(4) Ibid. (8) Pogg. Ann. LXXI, 245. 

(9) Ann. Ch. Phys. [3] XXI, 145 ; XXII, 129, 467. Compt. Rend. XXIV, 530, 641 ; 
XXV, 499. Pogg. Ann. LXXI, 416 ; LXXIII, 467. 
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into three boxes of tinned plate^ widening conically upwards^ and 
resting on thin metal feet. So long as the three boxes were closed 
above with covers^ the thermometers showed the same tempera- 
tures j when, however, the covers were removed from the blackened 
thermometer, and from one of those with the metallic surface, 
the temperature of the latter fell 0^*108, while that of the blackened 
one fell 8^*681 ; a plain proof that radiation, not the contact of 
the outer air, is the cause of the difference of temperature. 

Melloni found that the radiation was strongest towards a circular 
space of 30^ or 35^ apparent radius, reckoned from the zenith, while 
the discrepancies of the thermometers diminished and disappeared as 
the axes of the metal boxes approached the horizontal position, 
or when clouds spread over and veiled that part of the sky. 

The deposition of dew was always preceded by a cooling, and the 
slight radiation of metals, entirely explains why they do not become 
bedewed. The following experiment irrefragably demonstrates this. 
A disc of tinned plate was varnished on one side at its central part, 
and at some distance above it, on the same axis, was fixed a bright 
metallic plate, which, however, left uncovered a ring of the varnished 
part ; the whole was then exposed vertically in a clear still night. 
The dew, which appeared immediately on the free varnished surface, 
spread itself towards the metallie margin, more than towards the 
blackened c^tral part, which could become cooled only by conduc- 
tion. Exactly the same phenomena were repeated on the lower bright 
side of the metal disc that was turned towards the ground ; here 
also the central part remained dry. The upper plate of metal, which 
was brightly polished, was not at all bedewed. This simple experi- 
ment illustrates all the points discussed by physicists concerning the 
origin of dew, inasmuch as it shows that the dew neither falls from 
above, nor rises from below, and that the metals exert no peculiar 
repulsive power upon water-vapour(l). 

Melloni remarks, that he never found greater differences than 

or 2^ between the temperature of the radiating body and that of 
the surrounding air, and that Wilson and Wells had observed 
differences of 7^ or 8^, only because they placed the thermometers at 


(1) Zantedeschii however, disputes the result of the experiment here adduced, and 
asserts that he has always found the disc, as well as the varnished surface, 
hedewed, if the dew on the night of the experiment has risen at all to the height of the 
discs. Zantedeschi maintains, that the dew originates in water-vapours exhaled from 
the ^ound. (Arch. Ph. Nat. VII, 59. Delle alterazioni fatte dal Sign. Melloni alle 
dottrine snlla rugiada e sulla brina dei Sign. Fosiniere e Zantedeschi; L’ipotesi di 
Wells ; in Raccolta Ksico-Chimica Italiana, 111). 



TRfillMOLOGnr. 


76 


very unequal distances from the ground. A qpeciid usphnatioii is 
indeed requisite for this^ that so dight a difference as one 2^ can in- 
duce a cdhdensation of water-vapour^ and a copious depositiott of dew; 
and it is necessaiy to conceive the theory under a somewhat dtered 
view. Melloni remarksj in the first place, that this difference of 
temperature between the radiating bodies and the surrounding air, is 
independent of the temperature of the latter, and he adduces, in 
confirmation of this, the observations of Parry and Scoresby, as 
well as of Pouillet. His own observations with thermometers, of 
which the bulbs were wrapped with cotton-wool and wool, in various 
degrees of compactness, gave the most marked fall of temperature 
when the envelopes were most loose. Here the stiiita of air, which 
remain between the fibres and become cooled, promote a farther 
cooling of the thermometer: But the same holds good for the air, 
which is retained near the surface of the earth among thick vegeta- 
tion, and, therefore, the difference of temperature (between the 
radiating plants and the surrounding air) necessary to induce the 
state of saturation with aqueous vapour, is by;, no means so great as 
has been hitherto assumed in all text-books of physics. It explains 
why the deposition of dew is so copious and universally diffused when 
it once appears at all. Melloni distinguishes three horizontal strata 
in the air which surrounds the plants. The highest stratum is in 
contact with those parts of the plants that are radiating most 
strongly. This air falls down and becomes still farther cooled in the 
middle region, where the vegetation is thicker, and still subject to 
radiation ; it is here that the dew-point occurs. The air now falling 
down quite to the ground, and between the lower parts of the plants, 
which are entirely protected by the upper, becomes warm again, and 
rises loaded with the moisture of the soil, again to commence the 
same route. This circulation is the special condition of the formation 
of dew. Hence it is intelligible why a draught of air opposes its 
deposition ; why, in very dry air, dew is met with only near moist 
ground and stagnant water, and why the higher trees, exposed as 
they are to air-currents, and surrounded with a drier atmosphere, are 
so little liable to be bedewed. Melloni farther deduces, from his 
principles, why dew does not occur on the little Polynesian islands, 
and on ships on the high seas, and why, on the contrary, it appears 
copiously, as soon as the ships approach the coasts of continents : he 
explains the sharp night-chills in the deserts of Africa, as well as the 
freezing of shallow water under an atmospheric temperature of 5^ or 
6^, while water has been proved to be unable, by simple radiation, to 
cool itself quite 2® below the temperature of the air. 
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iMiineiice of Colour on the formntion of Dew. — ^Brocklesby(l) has 
on the foJ- instituted experiments on the dependence of dew-formation, and con- 
“de??^ sequently of radiating power, on colour, by exposing^variously 
coloured pieces of flannel of exactly similar texture, and pieces of 
glass and of pasteboard, coated with different colours,' to nocturnal 
radiation. The experiments of Melloni, which have settled this 
question, as well as those of Knoblauch, are not mentioned bv 
Brocklesby. His experiments, however, likewise prove that colour 
has, of itself, no influence on these phenomena. 

AtmtAoscope. — Babinet(2) has constructed an Atmidoscopey which 
shows the rate of evaporation taking place, in a given locality, 
according to the degree of dryness of the air, and its tempera- 
ture and motion. A reservoir of porous plastic clay is filled with 
water, and the consumption is measured by a tube, which is in 
connection with it. Babinet holds, that his instrument has these 
advantages over the ordinary hygrometer, that it is affected by the 
movements of the air, and that it indicates the whole amount of 
action from the moment, at which it is set, to that of observation. 

An hygrometer has been described by Majocchi(3), and an 
improved construction of the same by Regnault(4). 

HeaUeonduetlon In the Ground. — Dove(5) has found, by means 
of observations of the temperature of the ground at Brussels, at 
Heidelberg, and at Schwetzingen (the first made in stiff clay, the 
latter in light sandy soil), and farther by observations which ha\ c 
been made at Edinburgh since 1837, in dolerite, coal-sandstone, and 
sandy soil, at depths of 3, 6, 12, and 24 Parisian feci, that the 
amount of the periodic, as well as of the non-periodic varia- 
tions of temperature are slightest in dolerite, more considerable in 
sand, and strongest in sandstone. 

Heawonduetton In Grystau. — ^As, according to Mitscherlich, the 
expansion by heat, according to Savart, the elasticity, and, accord- 
ing to the known lawa of double refraction, the dispersion of light, 
are dependent on the position of the crystalline axes, so this is also 
the case, according to Senarmont^s(6) experiments, with the conduc- 
tion of heat. Senarmont passed through the middle of, and perpen- 

(1) SilL Am. J. [2] VI, 178. 

(2) Compt. Bend. XXVII, 529 ; Instit. 1848, 158. 

(3) Aim. Ch. Phys. L3] XIX, 77. . 

(4) Ibid. 82 ; Pogg. Ann. LXX, 530. 

(5) Berl. Acad. Ber. 1847, 32. 

(6) Compt. Rend. XXV. 459, 707. 829; Ann. Ch. Phys. [3] XXI, 457 ; XXII, 179 ; 
Pogg. Ann. LXXllI, 191 ; LXXIV, 190 ; LXXV, 50 ; SiU. Am. J. [2] V, 414. 
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dicularly to, the plates of the crystal .which he used, a platinum wire, 
heated by the voltaic current, or, instead of this, a fine metal tube, 
wHich, when heated on one side over a lamp, was traversed* by a current 
of hot air, or lastly, he placed the plates on the fine point of a heated 
silver wire. The plates had, at most, a diameter of 88 millimetres, 
and the diffusion of the heat on them was graphically represented 
according to the method of Ingenhouss, the plates being coated 
with pure wax, or with a mixture of wax and olive oil. When 
this coating melts, it recedes on the plate, as if it no longer 
wetted it, and forms a little wall, so sharply defining the isotjjiermal 
line of the fusing-temperature of the wax, that, after cooling, the 
length of the major and minor diameters of its curve can be mea- 
sured, as well as their inclination to any other direction conveniently 
assumed on the plane of the plate. 

By slitting plates from the same crystal in various directions, it 
was thus possible to ascertain the form of the isothermal surfaces. 
The chief result of Senarmont^s research was, that these iso- 
thermals, in the case of crystals having two optic axes, are either 
ellipsoids with three unequal axes, or, at least, surfaces, which 
approach very nearly to such ellipsoids. In all crystals optically 
uniaxial they pass into ellipsoids of revolution, whose axis comcides 
with the optic axis ; in homogeneous amorphous bodies, as well as 
in crystals of the regular system, the isothermal surfaces are spheres. 
— Generally, the principal thermal axes coincide with the optic axes 
of elasticity, and exceptions occur only where, — ^as in the oblique 
prismatic (monoclinometric) system for those axes, which lie perpen- 
dicularly to the axis of symmetry ; and in the doubly-oblique pris- 
matic (triclinometric) system, for all three axes, — even the colour of 
the light implies a difference in their position, so that we may 
always imagine a wave-length, whose proper axes of elasticity actually 
coincide with these thermal axes. 

The bodies examined by Senarmont were — 

I. Homogeneous plates of plate-glass and of zinc ; tfiree plates of 
fluor-spar, parallel respectivedy to a surface of a cube, of an octo- 
hedron, and of a rhombic dodecahedron; plates of iron pyrites, 
magnetic iron ore, red oxide of copper, galena, and blende. 

II. From the square prismatic (tetragonal, pyramidal) system : — 
of cassitcritc (binoxide of tin), rutile, idocrase, and subchloride of 
mercury, plates cut perpendicidarly, as well as parallel, to the axes. 
The first gave circles, the latter^ ellipses, the proportions of whose 
axes were, for rutile = 1*27; for idocrase = 1*18, for subchloride 
of mercury = 1-23. 
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prismatic (hexagonal^ rhombohedral) system : — 
c^tais. spar^ quartSj beryb spec^ar iroa ore^ and corundum. The 

result was as in the preceding system ; the proportions of the axes bf 
the ellipses beings for calc-spar s 1-12^ for quartz s= 1*312^ for 
beryl s= 1*11. The thermic propertiqp fail of perfect coincidence 
with the optic, inasmuch as, both in quartz, in subchloride 
of mercury, and in rutile (that is, in so-caUed optically attractive 
crystals) and also in calc-spar and beryl (that is, in repulsive crys- 
tals), the thermic ellipsoid is a prolate one. However, the oblate 
ellipsoids have hitherto been found only in the case of the repulsive 
(idocrase, specular iron ore, and corundum), the most prolate in 
attractive crystals. To explain these phenomena we must assume the 
heat as corresponding to Ught-rays, which lie beyond the extreme red. 

lY. From the rhombohedral system: — ^heavy-spar and topaz, 
which gave no decided results ; also arragonite, boumonite, stibine, 
staurolite, and pinite, in which the three thermic axes lie 
parallel to the crystalline axes. The proportions of the axes of tlie 
ellipses were, in an arragonite-plate, parallel to the base of a 
rhomboidal prism, = 1 * 22 ; for boumonite, in a plate perpendicular to 
the base, and parallel to the greater diagonal = 1*31, and in a plate 
perpendicular to the base, but parallel with the lesser diagonal, 
= 1*29. 

V. From the oblique prismatic (monoclinometric) system : — 
felspar, augite, wolfram, gypsum, glauberite, and adularia. Of 
the four first crystals, three plates were examined in every case; 
No. 1 vertical to the axis of symmetry, which in each is also a 
thermal axis : Nos. 2 and 8 parallel with the axis of symmetry, and 
with one of the other two thermal axes. The proportions of the axes 
of the ellipses are : 



Feldspar. 

Angite. 

Wolfram. 

Gyp«i 

No. 1. 

1*23 

1*24 

109 


„ 2. 

102 

1*28 

M3 

1-24 

M 3. • 

1-27 

MO 

1*23 

1*50 


VI, From the doubly-oblique prismatic (tridinometric) system: — 
bichromate of potassa. The experiments with this substance gave no 
decided results. ^ 

The analogy between tlfe "thennic and optic properties was con- 
firmed also by 8 enari 9 pnt's(l) experiments with substances, whose 
homogeneous moleedar itate was alters by their being compressed, 

(1) liittit. 1846, 148; Gompt. Kend. XXVil, SOI ; Ann. Ch. Phyi. [3] XXIII, 257 : 
Pogg. Ann. LXXVI, IIP. 
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drawn^ or tempered. Square plates^ * of 25"" side-lengthy and of 
6 — 8™" thicknessy compressed between the two parallel jaws 6f a viecy 
showed clearly thermal ellipsesy whose lesser axes always fell in the 
direction of the pressurey that isy of greatest density. Experiments 
with porcelaiuy with plate-glafj^y and with flint-glassy gave axis-pro- 
portions from 1*031 to 1*P98. In the case of bodies in which such a 
molecular state is artificially inducedy a prolate or oblate thermal 
ellipsoid always corresponds to a simUar forta of optical surface of 
elasticityy but these bodies are also optically attractive or repulsive for 
all coloured rays without distmetiony while th6re are crystalsy asy for 
instanccy apophyllitCy which are attractive for one party repulsive for 
anothcry and simply refractive for one midcUe part of the spectrum. 

Bonnet(l) and Duhamel(2) have treated mathematically the 
problem of heat-conduction in bodiesy whose conductivity is different 
in different parts and directions. The latter arrives at this con- 
clusion among othersy that according to whatever law heat may be 
supplied to all the points of a line which stands perpendicular to a 
thin plate of crystaly the isothermal curves are ellipsesy whose axes lie 
parallel with two principal axes of the heat-conductiony and are 
proportional to the square roots of the corresponding values of the 
conductivity. 

Bertrand(3) communicates the results of an essay on the sim- 
plification of calculationsy relative to the motion of heaty by altering 
the coordinates. 

Radiation of Heat. — ^By an extensive series of researches Knob- 
lauch(4) hasy in party newly confirmedy and in part amplifiedy several 
most essential points of our knowledge of radiant heat ; andy lastlyy 
he has completely earned out the analogy between the behaviours of 
radiant heat and light. He made use of a multipliery providedy 
when necessaryy with thermo-piles of I5y 25y or 40 elementsy whichy 
for experiments on inflection and double refractiouy were narrowed to- 
wards one side to a small vertical edge. — Concerning the penetration of 
hsaUraye through diathermanous bodiesy especially as depending on 
the temperature of the source of heaty it was previously knowUy that 
certain of these bodies permitted the passage of the heat in inap* 


(1) Compt. Rend. XXVIl, 49. 

(2) Ibid. XXV, 870; XXVII, 129 ; In&Ut. 1848, 246. 

(3) Ibid. XXVII, 657. 

(4) Berl. Acad. Ber. 1846, 355 ; Instit 1846, 21 ; 1847, 277 ; De Galore RadUmte 
disquis. Berol, 1846 ; Pogg. Ann. LXX, 205, 337 ; LXXl, 1 ; LXXIV, 9, 161, 170, 177 ; 
Jahresber, iib. d. Fortschr. d. Phys. i. J. 1846, Berl. 280, 311. 
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^hSatT preciable times; that, for any given substance, the smoother its 
surface, the greater the amount of transmitted heat; that the loss, 
which the heat suffers by transradiation, becomes smaller in pro- 
portion as the thickness of the substance already passed through 
incr^ses ; that the radiant heat permMes various bo^es in different 
proportions, and that these proportions have no relation to the 
transparency of the bodies; that the rays emanating from the same 
heat-source, which p|||l through various diathermanous substances .in 
succession, suffer loss^thereby, which vary according to the nature 
of these bodies, beinj^ however, always greater than those which 
they sustain, by passing through a series of uniform materials ; that 
heat-rays from different sources, which induce exactly equal elevations 
of temperature, penetrate the same substances in ^ssimilar propor- 
tions.'T— The experiments of De la Roche and of Melloni seemed to 
prove that the transradiant power of heat increases with the tem- 
perature of its source; only two observations indicating an exception, 
viz., that the heat-rays &om all sources pass through pure rock- 
salt in the same proportion, and through lamp -blacked rock-salt in 
the greater degree, the lower the temperature of the source. — It 
appears &om the experindilts of Knoblauch, in which he employed, 
as heat-sources, red-hot .platinum without flame, an alcohol-flame 
without a carbonizing wick, an Argand lamp, with a constant 
oil-level, with a cylindrical wick, and without a glass chimney ; and, 
lastly, a hydrogen-flame, supplied from a gasholder unddr constant 
pressure, that the heats of the hydrogen-flame, and of the ignited 
platinum, notwilihstanding the great difference of their temperatures, 
were equally c|i||able of passing through a glass-plate, ^while that of 
the alcohol-flame posseissed this property in a lower, and that of the 
Argand lamp in a higher degree. The heats of the flames of 
alcohol and of hydrogen pass equally through alum, and that of red- 
hot platinum^ even more fi^ly; while the heat of the hydrogen-flame 
passes less readily, than thosCi of the three other sources^ through 
potassa-mica, and through magnesia-mica.— The ra;^s from a Les- 
lie's cube, Igradually cooling, . exhibited a- power ^of penetrating 
through the ^mo^ various substances, which "was the same, whatever 
might be the temperature, between 80® and^ 100®, of the origin of 
heat.— The Mys, which procee^c^ froni u^' cylinder of sheet iron, 
heated over in Argand lamp, passed, through some substances, 
better at a high than at a lower temperature ; through others, equally 
well.-i-0f the rays, which are emitted from a platinum spiral heated, at 
first, lightlessly, then to recess, yellowness, and, finally, to whiteness, 
those from the red-hot and from the yellow-hot metal pass through 
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glass in the same proportion. Those of the yellow«hot pass less 
freely through alum^ than those of the red-hot and of the dark-hot 
platinum^ while their penetrating power for glass increases with the 
temperature. On these experiments collectively is grounded the con- 
clusion^ that the penetratueg power of radiant heat, through dia^ 
thermanous bodies, stands in no direct relation with the temperature 
of its source!* 

With respect to the heating of bodies by radiation^ it was known 
before : Firstly, that different substances were heated in different 
degrees, by the influence of one and the same source; Secondly, 
that the degree of heating of each substance is dependent on the 
quality of its surface ; Thirdly, that one and the same body is 
equally strongly heated, by rays from different sources, which exert 
an exactly equal influence on a lampblacked thermoscope. Kno- 
blauch proved, — ^by experiments with a metallic disc, which, on 
the side towards the thermo-electric pile, was coated with lampblack, 
and on the other side at one time with carmine, at another with 
black paper, — that the heating, for similar intensities of irradiation, 
is independent of the temperature of the source, and is determined 
alone by the nature of the absorbing substances, which are more 
receptive of certain rays than of others. 

To ascertain the relation of the heating of bodies to their thick- 
ness, Knoblauch coated thin discs of metal plate, similar in every 
respect, with different thicknesses of — ^Firstly, transparent varnish ; 
Secondly, of black, opaque, but diathermanous lac ; Thirdly, of white 
lead ; and exposed them to the radiations of the same heat-sources. 
The bodies became heated, within the limits of the experiments (100^, 
and the temperature of the Argand lamp)^ the Hfwre highly, the 
greater their thickness. That the experience of Leslie and of Mel- 
loni should have been the reverse arose from this, that they employed 
screens so thick, that only a small portion of the absorbed heat reached 
the sides which were turned to the thermoscope. There is, then, a 
limit, beyond which the heating of a body ceases to increase with its 
thickness, and which, for a given substance, depends on the nature 
of the origin of heat.— However, diathermanous bodies are most 
warmed by the rays, which are least able to pass through them. 

Various substances radiate heat at the same temperature in 
different degrees. For a given substance this property is depen- 
dent, as well on the quality of its surface, as on its thickness. 
Knoblauch employed, as side-surfaces of Leslie^g cube^ leaden 
plates, some cast, some rolled, first polished, then simply, and last, 
doubly scratched, and found, as previously did Melloni, that an 
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^of^eiir surface by scratching^ &c., only influences its radia- 

ting power, so far as its density and hardness are changed. That power 
is increased or diminished, according m the substance is made looser 
or more compact in texture by the scratching. — ^Farther, by the em- 
. ployment of various thicknesses of varnish, he conflrmed the result 
obtained by Bumford and by Melloni, viz. : that the radiating power 
increases with the thickness of the radiating surface. By comparison 
of this result with that quoted above, we arrive at a new proof of the 
conformity between the radiation and absorption of heat. — ^Their 
paraBdism is absolute for the same bodies, so that all influences, 
which exalt or depress their radiation, exert the same action on their 
absorption ; but in a comparison of difierent bodies we can by no means 
assert that one of them, which, at a given temperature, shows a 
higher radiating power, will, therefore, generally have a higher 
tendency to absorb heat, since the proportion, in which heat is 
absorbed by two bodies, varies with the nature of the rays. A plate 
of carbon, and a disc of metal-gauze coated with carmine, being 
exposed, first to the radiation of an Argand lamp, then to a dark 
source of heat at 100^, the first plate gave, with both sources, an 
equal, the carmine disc a greater deflection of the needle, under 
the infl,uence of the dark rays. This distinction persisted in the 
same degree^ when the second side of the carmine disc was lamp- 
blacked, and, therefore, plainly arises from a power of absorption, 
that is different for different sources of heat. Black paper behaves 
similarly, and these bodies have, therefore, with*an unequal tendency 
to absorb, an equally great jadiating power. The radiation of heat 
is the same, |rom whatever soui^e the rays, which have warmed the 
radiating substance up*to a given temperature, may proceed. 

One of the best methods of dkermining the similarity or dissi- 
milarity of heat rays, consists in examining whether they penetrate 
diathermanous substances in the same or in different proportions. 
Knoblauch employed this means for the decision of the question, 
whether the heat, which radiates from certain bodies at one and the 
same tmperature, or within fixed limits of temperature, appears as 
heterogeneous, according as it is given off from one or the other 
body, or is supplied to them in dissimilar modes. Various diather- 
manous substances laid over the side-surfaces of a Leslie^s cube, 
and heated between the temperatures of 112^, also metal, wood, 
porcelain, leather, cloth, and pasteboard, l^ted by radiation from 
various sources, themselves gave off by radiation heats of exactly 
similar nature, t . e., such as pass through diathermanous proof-plates 
in the same proportioiis< — However, the heat-rSys, which come off 
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fi^m diathermanous plates heated by .rays from an Argand lamp, 
behave differently in this respect. The heat proceeding from these 
plates consists of two parts, viz. of the appropriated specific heat, and 
of the heat radiated through them ; the latter part is that, which 
determines their heat-colour^ and therefore the differences of their 
behaviour towards other diathermanous plates. If a metallie cylinder, 
heated to 112^, or the heat developed by the vital process, as that of 
the hand, served as the source, diathermanous bodies, ajs well as 
adiathermanous, conferred perfectly similar penetrating power on the 
rays which they threw off.— The heat, therefore, which escapes from 
different bodies, between the temperatures of 30^ and 112^ under the 
most dissimilar circumstances, is recognised as perfectly similar. — ^The 
method adduced gives, at the same time, a ready means of examining^ 
whether a body transmits heat or not. It is heated by means of an 
Argand lamp, and the penetrating power of its heat-rays is examined 
by a series of diathermanous plates. If results are obtained the same 
as from a body established as adiathermanous, then the substance 
under examination also belongs to this class. Differences can only 
arise from the passage of chromatic heat. Thus, black glass, black 
asphalt-varnish, a thin layer of carmine, letter-paper and ivory proved 
to be diathermanous. 

The dispersion of heat, or its diffusion by reflection, was first 
proved with certainty, and closely investigated by Melloni. He 
found that the diffusion from a white surface has a different intensity 
for different heat-rays. The metals only diffuse the heat of all 
sources with equal strength; lampblack (carbop) exhibits scarcely any 
perceptible diffu8ion.-^The intennty of the diffused, is like that of the 
regularly reflected, heat, dependent on the nature of the substance, 
and on the quality of its surface; one essential distinction between 
this diffusion and regular (spiegelnden) reflection, consists in this, 
that, in the first case, the heat-rays of different sources are thrown 
back from the same substance in different proportions, and that the 
heat-colour of the diffused rays is generally Afferent from those of the 
directly reflected, or of the incident heat, as follows unquestionably 
from Knoblauch's experiments.— The diathermanous procf-plates 
served again to establish this proposition; t. e.> it was ascertained 
whether the radiant heat penetrated the same diathermanous 
media in various proportions, accordingly as it was employed in the 
state of direct or of diffuse refladlion fimm various bodies.— ;In these 
experiments the heating of the disp^ing substances was avoided, 
by covering with them the sides of a metal-cube, which contained 
water of the temperature of the surrounding medium. To obtain the 

g2 



Radiation 
of heat. 


84 PHYSICS AND PHYSICAL CHEMISTRY. 

action of a direct radiation^ similar under all conditions^ and there- 
fore results comparable with each other, the distance, inclination, and 
magnitude of the dispersing surface had to be altered in a great 
variety of ways. Decisive experiments proved, that the passage of 
diffiised heat, through diathermanous plates, was not affected by 
these changes. The heat radiated from various colouring matters, 
£tom bodies of similar ^nature, but differently coloured, and lastly 
from dissimilar bodies of the same colours, clearly showed well 
marked differences as regards its passage through the proof-plates. 
The annexed table, for instance, shows the behaviour of the rays of an 
Argand lamp, according as they were dispersed by a series of 
coloured, white, or black surfaces. 

Many bodies of similar nature change the heat in an exactly 
similar manner, such as, for instance, birch-wood, cork, and 
mahogany, as also the metals and metallic alloys, which, besides, 
give back the diffused heat exactly as it falls on them, — a result 
agreeing with the proposition of Melloni, that rough metallic sur- 
faces behave towards heat, just as do white surfaces towards light. — 
The chief result is, that there are many bodies, by dispersion from 
which the heat-colour is very much altered, while from others it is 
not at all ; and that this alteration is independent of the roughness 
of the surfaces; the metals retain their whiteness of heat-colour, 
whether they are employed rough or burnished. — Numerous instances 
prove that the change, after diffusion, of the power possessed by 
heat of passing through one diathermanous substance, stands in no 
sort of relation to its transmission through any other. 

From the examination of-the influence of the sources of the heat 
bn its diffusion, it appeared, that the alteration of the heat-colours, 
which is very considerable in the case of an Argand lamp, is less in 
that of red-hot platinum, yet smaller for the rays of an alcohol-flame ; 
and, for those of an iron cylinder of any temperature between 24P and 
112°, it is absolutely nothing. Generally, therefore, the changes which 
heat undergoes by diffused reflection, are dependent as well on the 
nature of its origin, as on the quality of the reflecting substances. — 
Knoblauch found, by repeating the experiments with the four 
above-mentioned sources of heat, that the surfaces, which exert an 
equal influence on the rays of one of them, for instance, of the 
Argand lamp, also modify the rays of the other sources in the same 
manner. 

Two explanations of the change which the heat-rays suffer under 
diffused reflection, suggest themselves. It resfs either on an actual 
alteration of the, heat^rayi^, or only on an elective absorption on the 
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part of the dispersing surfaces. If the latter be the case^ a variation 
of intensity of the heat-rays must Accompany their difference ini pene- 
trating power. Thus, for example, the heat diffused by white paper 
has a greater power than that reflected from black paper, of passing 
through red glass and through calcareous- spar. Again, the heat of 
Argand lamps contains more rays of the heat-colour of red glSss 
and of calc-spar, than do those of an invisibly-heated cylinder.! 
Accordingly, if a partial absorption is the cause of the heat-colours 
of the diffused rays, white paper must be proportionally a worse 
reflector of the heat of the latter source, than of that of Argand lamps, 
if the diffusion of both sorts of rays by black paper is chosen as the 
standard of comparison. Experiment establishes this, and it follows 
from an extensive series of similar observations: — ^Firstly, That a 
surface, which reflects heat, so that it shall pass, in a higher degree 
than that thrown back from another surface, through red glass, blue 
glass, alum, rock-salt, calcareous-spar, and gypsum, will reflect in 
comparison with this second surface, most highly the heat of Argand 
lamps, next that of red-hot platinum; in a lower degree, that of 
alcohol-flames; and in the lowest, that of the heated cylinder : this, 
too, at the same time, implies the converse, that a reflecting surface, 
which, in comparison with another, diminishes the penetration of 
heat through the substances here mentioned, reflects the rays 
of Argand lamps, proportionally, in the lowest degree; those of 
red-hot platinum in a higher ; with yet greater intensity the. rays of 
alcohol flames ; and, relatively, with the greatest,? those of the lightless 
cylinder : — Secondly, That, if the heat-colours of certain proof-plates 
are ascertained to be more homogeneous with one dispersing surface, 
and of other plates more with a second surface, the first surface also 
reflects the rays of various heat- sources in some cases more strongly, 
in others more weakly, than does the second : — ^Thirdly, That, on the 
contrary, if the reflected rays behave similarly towards diathermanous 
plates, both surfaces also throw back the rays of different heat- 
sources with equal intensity. — ^The collective result is, therefore, 
that the alterations of the heat by diffused reflection are only the 
consequences of an elective absorption, exercised by the reflecting 
surfaces, over certain of the rays thrown upon them. — ^The pheno- 
mena are analogous to those, which have .been _ observed in the 
diffusion of light, while, as Herschel and Melloni had already 
remarked, the analogy of the two sorts of rays does not extend to 
their reflection. 

The researches of Knoblauch teach us, with reference to the 
heat sources, which he employed, that the variety of the rays emitted 
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greatest from the Argand lamp, less from the red-hot platinum, 
and yet less from the alcohol-flame, lyhile it disappears altogether in the 
case of the cylinder heated to 100^ ; in fact, the heat radiated from the 
most different solid bodies, between 30^ and 112^, is entirely homoge- 
neous, or monochromatic. — Knoblauch, by making use of a platinum 
spiral, which was heated over the chimney of a Berzelius lamp, from 
• below 112^, through redness and yellowness up to whiteness, found, by 
testing it with diathermanous plates, that the variety of the heat-rays 
emitted from the same body increases with the temperature. 

De la Frovostaye and Desains(l) have instituted some re- 
searches on the radiation of heat, which are to be regarded as a 
continuation of an earlier essay (2). 

Dulong and Petit, during their researches on cooling in air- 
filled space, had thought that the action of air under a pressui'e p 
might be represented by n. De la Frovostaye and Desains 

show, that the mode by which this expression was arrived at, does 
not exclude a formula n.p®**® -I- f(p), if f(p) vanishes with p, and is 
constant within the limits of their experiments. The experiments on 
cooling in atmospheric air have proved that at a low pressure there 
is a point of flexure in the curve, which represents the dependence of 
the rate of cooling on the pressure. In hydrogen De la Frovostaye 
and Desains obtained the following results : 

Pressure . . . 0*"'760 0*»-477 0” 057 0"“'020 0™*0044 

Time of cooling 12'46" 13'20" 13'40" 14'49" 27'24" 

The cooling, therefore, proceeds the more slowly as the rarity of 
the gas increases. In the case of carbonic acid, the time of cooling 
increases with the diminution of the pressure up to 35”", remains 
then equal up to 12””, and then diminishes. Protoaeide of nitrogen 
behaves in an exactly similar manner. — ^The cooling in a mixture of 
equal volumes of hydrogen and atmospheric air, under a total 
pressure of 60”“ proceed more slowly than in hydrogen under 
30”” ; so that here, therefore, the action of the air is retar^ng, while 
alone it would act as accelerating. The molecules of gases seem to 
act on each other, so as to diminish their mobility. — In reference to 
the intensity of radiation, De la Frovostaye and Desains have 
substituted, for the known formula of Dulong and Petit, a more 
comprehensive expression, and have proved its accordance with 
the results of observation. If the temperature of the thermo- 

(1) Ann. Ch. Phys. [3] XXII, 338 ; Compt. Rend. XXIV, 60, 684, 967 ; XXV, 106 ; 
Arch. Ph. Nat. IV, 174. 

(2) Ann. Ch. Phys. [3] XVI, 384. 
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electric pile in two experiments is t and t^^ and T and that of the 
source of heat — ^the ratio of the deflections of the needle is expressed^ 

a,+a&,+w : 

a — 1 

where a = 1-009, d = T- 1, = 1^- 1', « = 

The same physicists compared the radiating power of metals^ in two 
dificrent methods^ with that of lampblack as unity^ and obtained the 
following results : 


Metals. 

Radiating power. 

Ist. Method. 

2nd. Method. 

Silver, solid, rolled 


0*03 

0*029 

Do. chemically precipitated on copper (dull surface) 

0*0536 

0*053 

Do. Do. Do. and polished 


0*0225 

0*022 

Do. silvered 

0 • 

— 

0*0205 

Do. solid, polished . • • • 

• • 

0*025 

0*022 

Do. Do. after long heating . 

♦ • 

0*0275 

0*0297 

Do. plated on metal .... 

• 

— • 

1 0*104 

Platinum rolled 

• • 

0.108 

0*104 

Do. polished ..... 

• • 

0095 

0*09 

Gold-leaf ...... 

• a 

0*0428 

I 0*043 

Sheet copper 

. . 

0*049 

1 0*0514 


These values are considerably less than those which the experi- 
ments of Leslie and of Dulong and Petit assign to the radiating 
power of the metals. — Knoblauch(l) seeks to account for these 
discrepancies^ by the variability of the radiating power of lampblack, 
as proved by Mellon! ; and he points out that this magnitude is no 
longer admissible as a standard. However, only thus much seems to 
follow from Melloni^s research, that the layer of lampblack must 
be made sufficiently thick, to obtain a constant maximum of 
radiation, and it does not appear from the treatise of the French 
physicists, that they have neglected this precaution. 

The flrst of the two above-mentioned methods of determining the 
radiating power, consists in exposing* v thermo-electric pile to the 
influence of the hot surfaces, of which, .. i the case of the metals 
a larger, and of the lampblack a smaller extent was admitted to 
action, by means of a perforated screen.^ In the second method two 

(1) Jahresber. der Berliner Phys. Gesellschaft fur 1846, 279« 
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equal surfaces were employed, the metallic ones, however, at a 
higher temperature, and, from the deflection which the lampblack 
surface gave at T, that which would occur at the higher temperature 
T of the metal was calculated by the formida 




so that the magnitudes obtained were comparable. We here insert the 
corresponding results obtained b^ some other physicists. Mellon i, 
incidentally to some researches on the formation of dew, has measured 
the radiating power of some substances, with which he coated the 
metallic cases of his thermometers. He found, taking the power of 


lampblack at 100, for 




Silver . . . 

3026 

Herbs with smooth lea^^es 

. 103 

White-lead 

. 99 

Leaves of elm and poplar 

. 101 

Varnish .... 

. 97 

Sawdust of poplar . 

. 99 

Isinglass . . 

. 96 j 

„ mahogany . 

. 95 

Glass .... 

. 93 

Gravel . 

. 93 

Giaphite . . 

. 86 

Vegetal inould 

. 92 


A thermometer, whose bulb was covered with one coat of varnish, 
cooled six times less than another with eight coats of varnish ; — a 
proof that the radiation proceeds from points beneath as well as on 
the surface. 

Masson and Courtep£e(l) have instituted experiments on the 
radiating power of many substances in the form of extremely fine 
precipitates ; they thence '"concluded— Firstly, That the metals, in 
the state of fine division, have a considerably greater power of 
radiation than when they arc cast or hammered; Secondly, That 
this power of bodies depends on their state of cohesion, but not on 
their general nature ; Thirdly, That all bodies, if reduced to the same 
state of fine division, w^ould have, at IQO^ the same radiating power. 
In a subsequent cofhmunication(2) they add, that bodies in a state 
of extreme comminution seem, even at 400^, all to have equal powers 
of absorption and of dispersion,* that all substances which entirely 
absorb light, exert also ;an equal action on the heat-rays; that all 
substances, not black, exhibit the same power of absorption and 
diffusion, and this also for luminous rays, through whatever sub- 


(1) Compt. Rend. XXV, 936; Sill. Am. J. [2] VI, 355. 

(2) Compt. Rend. XXVll, 592; Inetit. 1848, 358. 
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stances they may have passed. Phosphate of lime alone is stated to 
have a diffusing power very weak in proportion, to its strength of 
absorption. 

Glaisher has communicated to the Boyal’ Society of London(I) 
some results concerning the nocturnal radiation of heat^ which he 
obtained with nearly 100 different substances. 

De la Frovostaye and Besains have also measured the reflecting 
power of metals^ by causing the rays of a Lokatelli^s lamp to be 
reflected from smooth metallic plates^ and then to fall on a thermo- 
electric pile. They obtained the following results with an incidence- 
angle of 50® : 


Plated silver, well polished 
Gilt steel, perfectly polished 
Plated gold . 

Copper . . 

Brass .... 
Varnished copper . 


. 0*97 

Speenlum-m 

. 0*97 

»* 

. 0*95 

Platinum . 

. 0*93 

Steel 

. 0*93 

Zinc . 

. 0*86 

Iroa . 


I, freshly polished. 0*855 
slightly dimmed. 0*825 
. . . . 0*83 

. 0*825 
. 0*81 
. . . 0*77 


1"he method of preparing the metal surfaces has an extremely 
slight influence on the reflecting power, provided the polish is always 
perfect. — ^Thc sum of the reflecting and radiating powers of silver 
(0*97 + 0*025) is very nearly = 1, and since the dispersion by silver 
is only extremely small, this result offers a confirmation of the equality 
of the powers of absorption and of emission. — ^The intensity of the 
heat-rays reflected from a glass surface increases considerably with 
the increase of the angle of incidence, and the absorption>. and there- 
fore also, the radiation, must suffer a corresponding diminution. 

Reflection of Heat-rays. — Knoblauch(2) has, by means of. com- 
parative experiments with a mirror of black glass, and with one of 
steel, confirmed the proposition already put forth by Forbes, and by 
Ue la Frovostaye and Desains, that the intensity of the reflected 
heat is augmented with the increase of the angle of incidence in the 
case of glass, and diminished in the case of metals. His experiments 
gave the following deflection of the multiplier-^dle : 


Angles of tbe heat-rays with 

the mirror 60® 50® 40® 30® 20® 10® 


On black glass ..... 10*0 10*0 11*0 15*1 28*1 43*0 

On steel 56.0 55*0 54*5 50*0 48*0 43*0 


The experiments of De la Frovostaye and Desains, on the intensity 
of radiation at different angles of divergence, gave the following results: 


(1) Phil’. Mag. [3] XXXI, 69. (2) P<%g. Ann. LXXIV,' 168. 
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lUlMtiOll 

Angles of divergence 

0» 

60* 


75® 

80® 

of ■- 

hnt.rayi. 

Aom lampblack 

100 

— 

100 

— 

100 


„ glass • . • 

90 

83’6 

75-01 

65-3 

54*44 


„ white-lead paint 

100 

94*6 

83.9 

— 

65*9 


„ red-odate paint 

100 

— 

91-2 

— 

82-3 


„ blade paint . 

100 

— 

— 

— 

76 


The proposition enunciated by Lambert^ and also^ in the opinion 
of Leslie^ practically confirmed by his own experiments^ that the in- 
tensity of the radiated heat is proportional to the sine of the angle of 
divergence^ must be modified according to the results just adduced. 
Each of the above. numbers would^ according to Lambert’s proposi- 
tion^ have been* 100^ since the magnitudes of the radiating surfaces 
are always inversely proportional to the sines of the angles of 
divergence. In the case of glass especially^ there appears to be a 
remarkable anomaly^ as indeed might have been inferred from the 
strength of the reflection at large angles of iiicidence, for whatever 
may be the governing law^ the equality of the radiation and absorp- 
tion being assumed, the sum of the reflection, the radiation, and 
the difiusion must be equal to 1. — -The reader is referred to the 
memoir itself for some theoretical considerations, as well as for the 
whole of its second section, in which are given analytical expressions 
of the interchange of heat between a spherical shell of constant 
temperature, and a globular thermometer in its centre, and also of 
that between a thermometer, and a source of beat in a medium of 
constant temperature. — De la Pr'ovostaye and DeBains(l) have also 
published a paper on the diffusion of heat from metallic surfaces. 

Boulile Befractlon, Polarizatloii, Interference, and inflection of 
Radiant Heat. — ^The double refraction of radiant heat has already 
been proved by Berard, Forbes, and Melloni, and its polarization 
by the same three authors find by Erm an, however the perfect analogy 
between the behaviour of light and of radiant heat, in reference 
to refraction, polarization, interference, and inflection, has been first 
established by the extensive researches of Knoblauch, and by some 
experiments of De la rrovostaye and Desains. 

Knoblauch(2) directed sun-rays, reflected from a heliostat, upon 
the natural rhombic surface of a crystal of calc-spar, and received the 
rays which passed through it on a thermo-pile, whose surface formed 
a vertical strip of only br^dth. A deflection of 20®'5, a return 
to 6®, and a secondary deflection of 20®*76, unequivocally proved the 
double refraction of the heat. The distan(;e of the extreme borders 

(1) Compt. Rend. XXVI, U2; Pogg. Ann. LXXIV, 147. 

(2) Pogg. Ann. LXXIV, iP 
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of the two heat-images was altered^ if the calc-spar was made to 
revolve in a plane perpendicular to the heat-rays. It Was necessary 
to turn it through 90®, to cause their distance to increase from its 
minimum to its maximum. On the rotation of the calc-spar, one of 
the pencils of rays (that of extraordinary refraction) moved round 
the other, (of ordinary refraction,) which remained stationary. The 
intensity of the two pencils was equal. None of the phenomena of 
double refraction appeared, if a plate, slit off from the crystal perpen- 
dicularly to its axis, was employed. 

Knoblauch(l) obtained the polarization of heat by reflection, by 
throwing sun-rays from a mirror of black glass or of* steel, through 
a Nicholas prism. — Various angles of incidence being employed, it 
resulted, that the perfection of the polarization increased at first, 
when the angle formed by the heat-rays with the mirror was small, 
and afterwards diminished. The best polarization appeared, when 
this inclination was, with the glass mirror 35®, with the sted about 
15®. The maximum, in the first case, amounted to 74 rays polarized, 
out of 100 reflected ; in the latter to only 84. 

Knoblauch(2) tested the polarization of heat by simple refrac- 
tion in three different ways. The subjoined table represents in 
columns I the results obtained, when a set of parallel glass plates 
served as the polarizer, and a similar set as the analyzer; in II, when 
a NichoPs prism was employed to analyse; in III, when a Nichol 
polarized, and a set of glass plates andysed. 


Angle of incidence 
of heat-rays. 

Of 100 rays, were polarized, by use of 

3 plates. 

6 plates. 

9 plates. 

12 plates. 

I. 

11. 

111. 

I. 

11. 

III.* 

1. 

11. 

111. 

1. 

11. 

111. 

0® 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

20® 

0 

10 

9 

0 

17 

13 

0 

30 

20 

13 

44 

50 

40® 

0 

22 

25 

13 

53 

38 

25 

63 

51 

50 

70 

69 

60® 

21 

36 

47 

53 

81 

71 

76, 

.96 

92 

100 

100 

100 


The polarization, by simple refraction, is therefore the more perfect ; 
Firstly, the greater the angle of incidence, the number of glass plates 
being constant. Secondly, the greater the number of plates, the in- 
cidence-angle being constant. The planes df polarization of reflected 
and of refracted heat are at right angles. 

The polarization by double refraction has also been examined by 


(l) Pogg. Ann. LXXIV, 161. 


%) Ibid. 177. 
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Knoblaucli(l). Grossed tourmalines polarized 58 rays out of 
100 of those that passed through the parallel plates. A NichoFs 
prism gave a very complete polarization; and this phenomenon is at 
the same time a new proof of the total reflection of heat-rays.— The 
two heat-images exhibited by calc-spar proved to be polarized in 
planes perpendicular to each other. A plate of calc-spar between 
Nichol^s^ parallel or crossed^ presented with heat-rays^ phenomena 
perfectly analogous to those of light. A closer examination showed 
farther^ that the heat was unaffected hs to its intensity and quality^ 
in whatever direction it might pass through the calc-spar. 

Knoblaucb(2) proved the inflection of heat-rays, by preparing 
a linear heat-source with a heliostat and a cylindrical lens, from 
which he passed the rays through a narrow crevice, behind which he 
determined the field, over which the heat-rays were spread, by means 
of a linear thermo-pile. This field was always greater than that due 
to its 'propagation in straight lines. The difference was the more 
considerable. Firstly, the farther from the slit the measurement was 
taken ; Secondly, the narrower the crevice through which the rays 
passed ; Thirdly, the greater its distance from the source of heat. 

Fizeau and Foucault(3) have proved the interference of heat- 
rays in the reflection-fringes ; in the spectra with dark spaces, 
which, are obtained by prismatic decomposition of the colours of 
crystalline laminse in polarized light, and lastly, in the diffraction- 
fringes produced by a rectilinear edge. The interference-stripes 
of heat coincide with those of light, and appear in the whole 
extent of the heat-spectrum. These physicists made use, for their 
experiments, of an extremely delicate alcohol thermometer, whose glo- 
bular bulb was of no greater diameter than 1“®'1, on which, however, 
1^ C. occupied a length of 8®“, so as to admit of the reading off even 
TTToth. of a degree. In passing through the middle reflection-fringes, 
the thermometer indicated 20*9 ; 85*9 ; 20*0 divisions. 


(1) Pogg. Ann. LXXIV, 177. 

(2) Ibid. 9 ; Instit. 1848, 139. 

(3) Compt. Rend. XXV, 447, 485 ; Pogg. AnU. LXXIII, 462. 
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KINETICS. 

(SCIENCE OF MOTION.) 

On Forceg In general. — Grove has published a pamphlet(l) 

On the Correlation of Physical Forces/^ of which a summary, trans- general, 
lated by Louyet, has been communicated to the Belgian Revue 
Scientifiqpe/^ from which it has passed into the Institut”(2). Its 
leading notion, that each of the following forces, motion, heat, 
electricity, light, magnetism, and chemical attraction, can be con- 
verted into all of the others is not altogether new, and perhaps the 
author has not supported his position with all the materials which 
were at his disposal ; and there still remains a difficulty in repre- 
senting the facts connected with latent heat as phenomena of motion. 

Grove thus describes an experiment devised by himsdlf to prove the 
conversion of light into the other modes of force. A prepared 
Daguerreotype plate is enclosed in a box, filled with water, having a 
glass front with a shutter over it : between this glass and the plate 
is placed a gridiron of silver wire ; the plate is connected with one 
extremity of a galvanometer coil, and the gridiron of wire with one 
extremity of a Breguet^s helix ; the other extremities of the galvano- 
meter and helix are connected by a wire, and the needles brought to 
zero. As soon as, the shutter being removed, a beam of either day- 
light or the oxy-hydrogen light falls on the plate, the needles are 
deflected, proving that chemical action, electricity, magnetism, heat, 
and motion, are elicited by the light. — ^Among some philosophical 
considerations of the essential nature of physical causes, and of the 
imperfection of technical nomenclature, this essay contains some 
unusual notions, for instance, concerning the cause of light, which 
Grove attributes, without recourse to an ether, to the vibration of 
material particles, an opinion, which is scarcely supported by the 
instance adduced of the dependence of the 'optical properties of 
substances on their structure, and would entail the difficult inference 
that space must be filled with material particles. Grove very justly 
remarks, that the next problem connected with the correlation of the 
physical forces must be the numerical determination of their equiva- 
lents. Towards the solution of this we have as steps, the expression 

(1) On the Corr. Phys. Forces, the substance of a course of lectures delivered in the 
London Institution, Lond. 1846 ; Phil. Mag. [3] XXXI, 67. 

(2) Institut. 1848, 154, 162, 169, 176. 
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On 

forces in 
general. 


of the mechanical equivalent of heat by Joule^ and of the relations 
of the magnetic forces by Oauss and Weber^ and the measurement 
of the electro-chemical equivalent of water by Weber. 

Researches in a similar direction have been published by 
Haughton(l) and by Goodman(2). Matteucci(8) has instituted 
a series of experiments^ which seemed to entitle him to conclude^ 
that the imponderables— heat, light, and electricity, — ^are developed 
in chemical processes in quantities independent of each other, so 
that the amount of the first sustains no alteration by the simulta- 
neous appearance of a second or third of them. 

Theory of Matter. — ^Ellis(4) has communicated some remarks to 
the Cambridge Philosophical Society, in which, acknowledging that 
chemical processes cannot, as yet, be explained mechanically, be 
suggests a new principle of causation, which he calls (force)*, bearing 
the same relation to force that force does to velocity; the analogy 
of which leads.him further to the kinematical conception of (force)^ 
.... (force)®, &c. 

Equilibrium of Solids. — De Saint- V‘enant(5) remarks, in a 
treatise on the equilibrium of solid bodies, that the formulae of 
molecular mechanics have hitherto always been founded on the 
hypothesis, that the distance of two molecules in magnitude, as 
well as in direction, is subject only to very small alterations. If 
metallic ribands, or rods, are bent so as to bring their ends into 
contact, or are wound spirally, this hypothesis is no longer admis- 
sible. Saint-Yenant developes new formulas, on the assumption, 
that the ratio of the distances of two molecules, before and after 
the displacement, differs very little from 1. Firstly, Let d,, dy, d^, 
be the increments in length of three material lines, which lie perpen- 
dicularly to each other, in a point M of the material body, and paral- 
lel to the coordinates x, y, z ; and Secondly, let gy,, g,*, g^y, be the 
small increments of the right angles; then for a displacement % i;: 


dx = 


d? . dP + di,*-hdf* 

' 


and 


_ ^ ^ / dgd^ di?di? df dj;\ 

da dy \dy da ^ dy da dy da/ 


(1> PhiL Mag; [3] XXX, 437, 502. 

(2) Tnnaactioiii oC Manchester Lit. and PhiL Soc. Vol. VIII ; Phil. Mag. [3] XXXII, 

172. 

(3) Arch. Ph. Nat. lY, 381. 

(4) PhiL Mag. [3] XXXIII, 393. 

(Ot Compt. Rend. XXIV,<ko. 
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and in these expressions the second members vanish under the 
hypothesis before laid down^ that y, ( are small. The increment 
of another right line, which makes angles a, /S, y with the co- 
ordinate axes is 


D=BdxCOs^a+ dyCOs^/S+dsCos^y + gysCos/Scosy + gxscosacosy + gxjcos aco8/3. 

Saint-Yenant has deduced from this formula results for some 
simpler cases. — Concerning the resistance of torsion, offered by a 
prism of rectangular section, Saint-Yenant remarks, that, formerly, 
this had been falsely stated as proportional to the moment of inertia 
of the section. He adds, that Cauchy had already found that for 
equal moments of inertia, the resistance to the torsion was less, the 
more unequal the sides of the section, and also, that the section which 
before had been a plane, became warped by the torsion, like the sails 
of a windmill, being still bounded by right lines. Saint-Yenant 
now finds, that the plane section suffers yet a further flexure, so 
that the curved surface stands at right angles to the four spirally 
twisted edges, and that the bounding edges are curved. An 
experiment with rods of caoutchouc confirmed the theoretical result. 
With this likewise agree the experiments of Duleau on the difference 
of resistance, in cylindrical, and in square-based prismatic rods, with 
the same moments of inertia of section. Let 2 h and 2 i be the sides 
of an elongated parallelopipedon, let G = § E, (E being the coefficient 
of elasticity), (G coeffic. de glissement)^ and lastly, let d 

be the angle of torsion for the unit of length ; then, according to 
Saint- Yenant(l) the moment of torsion 

3 irh-^ 


3 7rh 

i 

e 


■KK 16 „ -,.. 1024 ^ 

M = G . dhi* — Gdi^ — r—* < 


• irh 

1 — e ‘ 


- + il: 

h ^ 8» 


■1 + 


when h = i, then the prism has a square base ; and 

8 6dh« 


M = 0-841 


3 


when i is very small in respect to h : 

M = ^Ghdi« 

O 

as also Cauchy had already found. — cylinder with circular 


(1) Compt. Rend. XXIV, 485.^ 
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b®r?um"jf whose sectioR has the same moment of inertia, as the prism in the 
Boiidf. first mentioned case, presents a moment of torsion M Gdh^ 
While the calculation gives a ratio 0*841, it appears from the 
experiments of Duleau on iron rods to be 0*85, from those of 
Savart on copper rods 0*82. 

Saint •Venant(l) calculates the moment of torsion, for a 
cylinder with elliptic base, 

M=G d . ^ - ~ - , y where u =-^h i®, and / = ~h® i, 

jLl + /X 

h and i being the axes of the ellipse. He finds, that the elliptic 
sections assume by the torsion the form of an hyperbolic para- 
boloid. 

On the Elasticity and Compressibility of Solids. — ^The 
theory of elasticity leads to some results which are especially suited for 
experimental confirmation. Thus, for instance, the proposition that if 
a rod or cord is slightly increased in length by a force of traction, it 
also increases in volume in such a manner that the increment of the 
unit of volume amounts to half as much as that of the length-unit. 
Wertheim(2) finds the experimental corroboration of this proposi- 
tion by Cagniard-Latour to be insufficient ; experiments with 
rods of caoutchouc, as well as with cylindrical tubes of brass and of 
glass, (whose alteration in volume was measured in capillary tubes 
cemented into the top,) have shown the increase of the volume- unit 
to be nearly equal a of that of the unit of le;igth. Let ir be the 
force of the thrust or strain, c the linear extension in the direction 
of this force, v the alteration of volume, k and K the coefficients of 
linear and cubic compressibility or expansibility, then the fundamental 
hypothesis of Cauchy, concerning the elastic action, is expressed by 
the equation w = k . c -t- K. v . Hence, for a cylinder, on whose 
convex surface no force is acting, while a thrust or strain bears on 

k 

its base surfaces, Cauchy deduces the equation v ^ c, and if 

according to the result of the experiments, we make v = ■} e, this 
pves k =s K, therefore ir = k (c-fv). If we substitute these values 
in the general equations of equilibrium and motion, we now obtain, 
for certain special cases, formulae different from those based upon 
the former hypothesis, that v = ^ e, or k = 2K. These formulae. 


(1) Compt. Rend. XXIV, 847. 

(2) Ann. Ch. Phys. [3] XXIII, 52 ; Compt. Rend. XXVI, 206 ; Pogg. Ann. LXXIV, 
150. 
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applied to Begnault^s experiments on the cubic compressibility of 
shells of solid matter^ give the following confirmation : 


Shells. 

Cubic compressi- 
bility for 1 atm. on 
1 square centim. 

Coefficient of elasticity in kilogr. for 

1 square miDim. after 

the old 
formula. 

the new 
formula. 

the increase 
of length. 

Copper globe . 

0-0000013377 

11550 

10266 

10519 

Brass globe 

0-0000014788 

10447 

9287 

I 9277 

Glass cylinder with hemis- 





pherical ends. 

0*0000022897 

6748 

5998 

1 6040 


The relation v = :}• f combined with Cauchy^s mathematical 
deductions^ leads to an equation, which is satisfied by the assumption, 
that the molecular attraction is inversely proportional to the 14/A 
power of the distance of two molecules. Lastly, too, it follows, that 
the velocity of sound in an infinite mass is to that in a thread of the 
same substance as V'-g- : 1. 

elasticity and Solidity of different Glasses. — Chevandier and 
Werthcim(l) have measured the elasticity and solidity of various 
sorts of glass. Pieces of 1 — 2 metres in length, cut from rods which 
had been drawn out to 10 — 12 metres, gave for the velocity of sound 
very discrepant results. Indeed they were never concordant until 
the rods were annealed and very accurately worked into prisms 
of square section. Window-glass gave a sound-velocity between 
16*58 and 16*76; plate-glass 15*70 — 16*02. Besides these two 
sorts, flint-glass and crystal-glass were also examined. The following 
table contains some of their results. 


Window-glass 

Plate-glass .... 
Colourless flint-glass . 

White or coloured crystal-glass 


Coeflicient of 
elasticity, 
from the sound- 
velocity. 

7917 

7015 

6890 

5477 


Cohesion in kilogrm. 
for 1 square milliin. 
of section. 

1*763 

1-400 

1*002 

0*665 


The density of the glasses increases somewhat* by annealing, as also 
does the coefficient of elasticity. The measurement of the elongation 
gave for the latter smaller values than did the measurement of the 
number of vibrations. The comparative elasticities of the glasses are 
parallel with their relative hardnesses. These properties are least 


Equlli. 
briiim ot 
solids. 


VOL. I, 


(1) Ann. Ch. Phys. [3] XIX, 129, 252. 


U 
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and*8oUd- glasscs that contain lead ; in such as contain no lead they 

are weaker if they contain but little lime and a comparatively large 
glasses, proportion of silicic acid. 

mechanical Properties of Woods. — Chevandier and Wertheim(l) 
have also again tested the mechanical properties of the woods in 
ordinary use, which, since the time of Muschenbroek, have been 
so often examined; and this, by comparing not only the several 
species, but also the same sorts of wood at different ages; the 
upper and lower parts of the trunks ; the exterior and the inner 
parts of the timbers, in the form of thin laths and planks, as well 
as of beams, in the green state and in various stages of dryness. 
Rods of square section, 10®“ in thickness and 2® in length, were 
prepared, being cut in the direction of the fibres, and the velocity 
of sound in them was determined by the longitudinal vibrations, 
their elasticity from their increase in length, and their cohesion by 
loading them to the point of rupture. Small rods were cut in 
planes perpendicular to the fibre-grain, (in directions radial and tan- 
gential to the rings of growth,) and their elasticity and sound- 
velocity were measured by the lateral vibrations. It was thus 
again established, that the coefficients of elasticity, as deduced from 
the vibrations, come out higher than those derived from the elonga- 
tions. For the special results and inferences we must refer to the 
memoir itself, from which we select only the following ; 


Names of the 

Den- 

Sound-velocity. 

Coefficients of 
elasticity. 


Cohesion. 

woods. 

sity. 

L. 

R. 

T. 

L. 

R. 

T. 

L. 

R. 

T. 

Acacia . . 

0717 

14-19 

- 



1261-9 





7-93 





Fir ... . 

0-493 

13-96 

8-05 !4-72 

1113-2 

94-5 

34-1 

4-18 

0-220 

0-297 

Hornbeam 

0-75G 

11-80 

10-28 

7*20 

1085-7 

208-4 

103-4 

2-99 

1-007 

0-618 

Birch . . . 

0-812 

13-32 

6-46 

9-14 

997-2 

81-1 

155-2 

4-30 

0-823 

1-063 

Beech . . . 

Pedunculated 

0-823 

10-06 

11-06 

8-53 

980-4 

269-7 

159-3 

3-57 

0-885 

0-752 

oak . . . 

0-808 

— 

— 



977-8 



— 

6-49 

— 

— 

Holm-oak 

0-872 

ll-,')8 

9-24 

7-76 

921-3 

188-7 

129-8 

5-66 

0.582 

0-406 

Pine [P. sylv.] 

0-559 

10-00 

8-53 

4-78 

5641 

97-7 

28-6 

2-48 

0-256 

0-196 

Syeamore . . 

0-692 

13-43 

9-02 

6-85 

1163-8 

134-9 

80-5 

6-16 

0-522 

0-610 

Ash ... 

0-697 

14-05 

8-39 

7-60 

1121-4 

111-3 

1020 

6-78 

0-218 

0-408 

Alder . . . 

0-601 

13-95 

8-25 

6-28 

1108-1 

98-3 

59*4 

4-54 

0-329 

0-175 

Aspen . . . 

0-602 

15-30 

9-72 

5-48 

1075-9 

107-6 

43-4 

7-20 

0-171 

0-414 

Maple . . . 

0-674 

12-36 

9-26 

6-23 

1021-4 

157-1 

72-7 

3-58 

0-716 

0-371 

Poplar . . 

0-477 

12-89 

8-44 

6-32 

517-2 

73-3 

38-9 

1-97 

0-146 

0-214 

Elm . . . 



8-56 

6-11 


122-6 

63-4 


0.345 

0-366 


(l) Compt. Rend. XXIIL 683 ; Pogg. Ann. Erganz. Bd. II, 481 ; also a Report 
thereon by Brogniart, Regnault, and Poncelet, Compt. Rend. XXIV, 537. 
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L refers to the rods cut lengthwise with the grain ; these were 
dried to 20 per cent of moisture ; R to those cut in a direction radial^ 
and T to those tangential, to the annual rings. 

Elasticity and Cohesion of the Tissues of the Human Body. — 
Wertheim(l) has further examined the elasticity and cohesion of 
the bones, sinews, muscles, nerves, arteries, and veins of the human 
body. He found the cohesion in kilogrammes for 1 square millimetre 
section. 


Tissues. 

Sexes. 

Years 
of age. 

Specific 

gravity. 

Coefficient 

of 

elasticity. 

Cohesion. 

Bone, Femur 

F. 

21 

1-968 

2181 

6-87 

„ Tibia 

F. 

21 

1-940 

2710 

10-26 

„ Femur 

M. 

30 

1-984 

1819 

10-50 

tf Tibia 

M. 

30 

1-997 

2059 

15-03 

„ Femur 

F. 

60 

1-849 

2421 

6-40 

„ Tibia 

F. 

60 

1-799 

— 

3-30 

„ Femur 

M. 

74 

1-987 

2638 

7-30 

„ Tibia 

M. 

74 

1-947 

— 

4-34 

Tendon of plantaris longus . . . 

F. 

21 

1-115 

164-71 

10-38 


M. 

35 

1-125 

139-42 

4-91 

,, flexor pollicis longus . . 

M. 

35 

1-132 

128-39 

— 

»» »» ff ft slight- 
ly dried 

M. 

35 

M32 

183-44 


ft ft ff ff ff per- 
fectly dried 

M. 

35 

1-132 

186-85 

4-11 

ff ft ft ft tf tt 

M. 

40 

1-124 

134-78 

7-10 

ff ft »> ft ft tt 

F. 

70 

1-114 

169-21 

5-61 

ft ft ft ft tf ft 

M. 

74 

1-105 

200-50 

5-39 

Muscles y sartorius 

M. 

1 

1-071 

1-271 

0-070 

tf ft 

F. 

21 

1-049 

0-857 

0-040 


M. 

30 

1-058 

0-352 

0-026 

ft tt 

F. 1 

60 

1-040 

— 

— 

tt ft ...... 

M. ! 

74 

1-045 

0-261 

0-017 

Nerves, nervus popliteus internus . . 

F. 

21 

1-038 

— 

0-769 

„ nervus iscliiaticus .... 

F. 

21 

1-030 

10-053 

0-900 

ft ^ ft 

M. 

35 

1-071 

23-943 

0-963 

„ tibialis posticus 

M. 

35 

1-040 

— 

1-959 

i» >» ft .... 

M, 

40 

1-041 

26-427 

1-300 

„ nervus iscliiaticus .... 

F. 

60 

1-028 

13-517 

0-800 

„ nervus cutaneus surse . . . 

F. 

70 

1-0.52 

23-878 

3-530 

„ nervus iscbiaticus .... 

M. 

74 

1-014 

14-004 

0-590 

„ tibialis posticus . ' . . . . 

M. 

74 

1-041 

32-417 

— 

ft nervus saphenus externus . . 

M. 

74 

1-050 

— 

— 

tt dried 

M. 

74 

1-129 

164-20 

9-46 

Artery, Femoral 

F. 

21 

1-056 

— 

0-1403 

ft ft 

M. 

30 

1-014 

0-052 

0-1660 

ft ft cartilaginous . . . 

F. 

70 

1-085 

— 

0-1070 

Veins, vena fcmoralis 

F. 

21 

1-055 

0-844 

0-0969 

tt vena saphena interna . . . 

F. 

21 

1-048 

— 

0-3108 

ft ft yy tt .... 

F. 

70 

1-019 

0-883 

0-149Q 


u 2 


Mechanic 
cal proper, 
ties of 
woods. 


(1) Ann. Ch. Phys. [3] XXI, 385, 
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- From Wertheim^s experiments it appears^ — that^ Istly, the specific 
gravity of tendons, muscles, and veins decreases with the age of the 
subject, while, on the contrary, that of the arteries increases, in conse- 
quence of an ossification of their walls ; 2ndly, the bony structures 
become elongated almost in exact proportion to the strain upon 
them, as do inorganic bodies and woods, while, on the contrary, the 
soft parts of the body are elongated at first in a greater ratio, 
and only under a greater weight does this relation become one of 
direct proportion ; 3rdly, the coefficients of elasticity of the bones, 
tendons, and nerves, seem to increase with the age, those of the 
muscles, however, to diminish considerably ; 4thly, the cohesion of all 
the tissues decreases with increasing age ; Sthly, the nervous trunks, 
have, for equal sections, less solidity than their branches, which again 
have less than their fibres, so that the solidity of nerves seems to 
increase as their thickness diminishes ; Gthly, if the several tissues are 
arranged according to the magnitude of their coefficients of elasticity, 
or according to their cohesion, in either case, the following series is 
obtained, bones, tendons, nerves, muscles, veins, arteries ; 7thly, the 
elasticity and cohesion of each and all are increased by drying. The 
experiments were made three or four days after death. For fresh 
muscles, the coefficient of elasticity seems to be about 1’15 times, and 
the cohesion 1*44 times, greater than the numbers given in the 
table. 

Relation between the Elasticity and Fusion-Heat of dolids. — 

Person(l) remarks, that a close approximation to a pi’oportionality 
is recognised as existing between the coefficients of elasticity of 
many solid bodies and their latent fusion-heat, as shown by the 
comparison of zinc with tin, with lead, and with bismuth. He adds, 
that we have still greater reason to infer such a relation as existing 
between the latent fusion-heat and a function of the coefficient 
of elasticity, expressing the power that is requisite, so far to 
alter the cohesion of the moleeules, in the unit of weight, as is 
necessary to induce the transition from the solid to the liquid state. 
Taking a cube of the unit-weight (1 grm.), and or as the elongation 
of its side, when the cohesion is resolved ; assuming farther the 
straining force s to be proportional to the elongation up to this point, 

then is the force expended 3^^ ds . ks = f k or Let p be. the 

specific gravity, q the coefficient of elasticity, 1000 q the number of 


(1) Ann. Ch. Phy8. [3] XXIV, 265 ; Compt. Rend. XXVII, 258 ; Instit. 1848, 299. 
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grammes necessary to stretch a rod of i square millimetre section to ^etweeS 
twice its length ; then — is the volume of the cube, the section «city and 

° D ^4 fusion- 

^ heat of 

^ , 100000 q , , 

in square millimetres, and 7 — ^ grm. produce an elongation 

. P 

of Ic. m. (the assumed unit of length). — Let S be the value 
of 0*, which corresponds to the unit of length, then <r = — j>and 

px 

the power employed = 2 — in kilogrammetres(l). For two 

metals then, we have --- = Irlj, where 1 represents the 

latent fusion-heat. Person found that the results agree with those of 

S® g 2 

observation, if wc assume the equation jz — 7— = — — 7“ 1 from 

^ p + 2 ^p Pi + 2 Vp/ 

which we obtain the formula q ^ = 1 : Ij. 


This formula is confirmed in the cases of zinc and of lead, (5*28, 6*23) ; 
for tin and lead (2*42, 2*65); for zinc and d^Arcet^s alloy (3*92, 
3*68) ; likewise for cadmium and silver. The coefficients of elasticity 
of these two metals were determined by Wertheim with very great 
accuracy. Calculation gives the latent fusion-heat for cadmium 
13*52; Person’s measurements gave 13*66. For silver the formula 
gives 20*38, experiment 21*07. 

fiquIllUrlum of Liquids. Tlieir Compressibility. — In the older 


experiments on the compressibility of liquids there is a want of 
accuracy, arising from this, that the correction for the com- 
pressibility of the walls of the vessel was founded 011 arbitrary 
assumptions. Ecgnault(l), therefore, arranged his experiments 
on the compressibility of water in glass and brass vessels, as well as 
on that of mercury in a glass picsometer, in such a manner, that the 
alteration in volume of the substance of the containing vessel could 
be simultaneously deduced from them. The compression was 
effected, not by a screw, but by compressed air, which presents the 
great advantage, that the power applied can be graduated with the 
greatest nicety, so that a permanent change of form in the picsometer 
is not so much to be feared. In five successive experiments, the 


(1) 1 kilogrammetre = the force required to raise 1 kilogrin. through a height of 
1 metre. 

(2) llelation, &c. (p. 52), 429. 
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b®?u“m of piesometer was exposed, as follows : Istly, without and within, to the 
liquids, atmospheric pressure ; 2ndly, without, to a stronger, within, to the 
^pressSu" atmospheric pressure; 3rdly, without and within, to an increased 
pressure ; 4thly, without, to the atmospheric, within, to the higher ; 
and 5thly, to the same pressure again as in the first case. — Hence, 
three equations were always obtained, of which two served to determine 
the compression of the liquid and of the vessel, and the third to 
check the results. The formulae are developed by Lame, for Istly, 
a spherical shell ; 2ndly, a cylindrical shell with plane ; and 3rdly, a 
cylindrical shell with spherical ends. Let fi and k represent the 
cubic compressibility of the liquid and the solid; V and U the 
volumes of the fluid contained in the piesometcr of the 1st and 2nd 
forms respectively ; N and M, the ratios of these volumes to that of the 
solid mass of the piesometer, the apparent diminution of V and 
U by an excess of pressure from within represented by P ; and 
their apparent increase respectively under simple external, and under 
external and internal, pressure ; then, according to Lame : 


For a spherical shell. 

For a cylindrical shell ^ith 
plane ends. 

For a cylindrical shell with spherical 
ends. 



y 

If p ^ 

V\9(N + l)i 

“ U ’ 8(M+1) 

, ~.|(M + l)U + ^(N + l) V 

1 

II 

I 

II 

3— y 


1 3y T 

pi * 

fil v{^+9(N + l) 

fiV - +8(M + 1)} 

”■ U + V^f (M+l) U + :^(N+l) V 


For water Rcgnault obtained the following results; under the 
pressure of 1 atmosphere : 



In a copper globe. 

In a brass globe. 

In a glass cylinder, with 
spherical ends. 

ft 

0000047709 

0000048288 

0000046677 

k 

0000001317 

0000001440 

0*000002368 


The compressibility of mercury under 1 atmosphere was found 
= 0*000003517, under a column of mercury of 1“ height = 
0*000004628. — Incidentally to these experiments, Regnault found 
that a pressure of 10 atmospheres, acting suddenly on water, did not 
evolve so much heat as to raise its temperature 

Grassi(l) has measured, in Regnault^s laboratory, and by 
his method, the compressibility of some other liquids. He found 
for. 


(1) Compt. Rend. XXVII, 153; Dingl pol. J. CX, 31. 
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Distilled water deprived of air. 

, 

Compressibility 

Temp. 

Compressibility under 1 atmos. 


under 1 atmosphere. 

00 

0*0000505601 

Solution of NaO, NOg 
,, ,, NaO, COj 

0*0000306565 

100*8 

0*0000487053 

0*0000303294 

13 *4 

0*0000483777 

Artificial sea-water 

0*0000445029 

15 *5 

0*0000477446 

Saturated solution of CaCl 0*0000209830 

25 *9 
34 *8 
43 *0 
53 *3 

0*0000458425 

0*0000455727 

0*0000444137 

0*0000443355 

Pressure in metres. Compressibility. 
Ether 2”*589 0*00011137 

„ 5945 *000 0*00013073 

Alcohol 1 *748 0*0000824516 



„ , 7158 *000 

0*00008587 


Colladon and Sturm had founds that the compressibility of 
alcohol and of ether diminished under increased pressure. The 
experiments of Grassi indicate the contrary; chloroform and acetic 
ether behave similarly. 

Equilibrium of Gascousl Fluljds. Their Compressibility. — ^The 
experiments which have been made to test the truth of the law of 
Mariotte, as applied to cases of high pressures, involve one 
common source of inaccuracy, which arises out of the considerable 
influence of any error in the determination of the volume, when 
gases have been compressed under high power into a very small 
space. Rcgnault(l), therefore, so arranged the apparatus which 
he used for this purpose, that, in successive experiments, the same 
space of the manometer-tube could be filled under continually 
increasing pressures, and that the volume need be diminished only 
one half under each increase of pressure. The volumes 1 and \ 
were marked on the manometer by two strokes. A full description 
of the apparatus, which was set up in the College de France , in a 
tower built specially for Savart^s hydraulic experiments, will be 
found op. cit. pp. 341 — 367. — None of the gases examined followed, 
even under low pressure, the law of Mariotte. Atmospheric air, 
nitrogen, and carbonic acid are more compressible, and hydrogen 
less so, than would accord with the expression for Mariotte^s law 

IT -n 

1 = 0. If the property of the first of these gases is 


Vi.Pi 

explained by referring it to an imperfectly gaseous state ; then for 
hydrogen the absurdity comes out, of a gaseity more than gaseous. 
V P 

Regnault thinks, that v— — * — 1 is to be considered as a rather 

complicated function of the pressure and temperature, whose form it 
would be very difficult to discover by experimental methods alone. 
He calculates formula; of interpolation according to the form 


Equill. 
brium of 
liquids. 
Theircom- 
pressibi- 
lity. 


(1) Relation, &c. (see p. 52),. 329. 



Equili- 
brium of 
iraseoui 
fluid!. 

Their 

coinpreui- 

bllity. 
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~ = l-fA(m — 1) -fB(m — 1)^, where m represents the ratio 

of condensation, r the ratio of pressures, and the coefficients A and B 
the following values : 



Atmospheric air. 

Nitrogen. 

Carbonic add. 

Hydrogen. 


Sign. 

Log. 

Sign. 

Log. 

Sign. 

Log. 

Sign. 

Log. 

A. 


30435120 


4-8389375 



3-9310399 

+ 

4-7381736 

B. 

1 + 

5-2873751 

+ 

6-8476020 

— 

6-8624721 

+ 

6-9250787 


From these formulae we get, for the ratio of condensation m, the 
subjoined pressures : 


m. 

Atmospheric air. 

Nitrogen. 

Carbonic acid. 

Hydrogen. 

1 

1*000000 

1-000000 

1-00000 1 

1 1-000000 

2 

1-997828 

1*998634 

1*98292 

2*001110 

3 

2*993601 

2*995944 

2-94873 

3*003384 

4 

3*987432 

3-991972 

3-89736 

4*006856 

5 

4-979440 

4*968760 

4-82880 

5-011615 

6 

5-969748 

5*980350 

5-74296 

6-017676 

7 

6-958455 

6-972791 

6*63985 

7*025102 

8 

7-945696 

7-964112 

7-51936 

8-033944 

9 

8-931573 

8-954361 

8-38152 

9*044244 

10 

9-916220 

9-943590 

9-22620 

10-056070 

11 

10-899724 

10-931833 

10-05345 

11-069454 

12 

11-882232 

11-919120 

10*86324 

12-084456 

13 

12-863838 

12-905516 

11-65541 

13-101144 

14 

13-844670 

13-891052 

12-43018 

14-119504 

15 

14-824845 

14-875770 

13*18695 

15-139650 

16 

15*804480 

15-859712 

13*92608 

16-161632 

17 

16-783675 

16-942920 

14-64771 

17*185470 

18 

17-762562 

17*825436 

15-35148 

18-211230 

19 

18-741258 

18-807321 

16-03733 

19*238963 

20 

19-719880 

19-788580 

16-70540 

20-268720 


Kinetics In general. — Of the contributions on various subjects, 
to the general literature of Kinetics, we adduce the following : — The 
integration of the differential equations of the motion of a material 
point, as well as of the general equations of motion, by Serret(l), 
and by Sturm(2 ) ; On the principle of least action, and its appli- 
cability, by Bonnet(3) ; Remarks on analogy in mechanics, by 
Bertrand(4) ; On the alteration of the arbitrary constants in the 
problems of dynamics, by Ostrogradsky(6) ; A paper on the sym- 


(1) Instit. 1848, 173, 183. 

(2) Ibid. 190. 

(3) Ibid. 184. 


(4) Compt. Rend. XXV, 163. 

(5) Petersb. Acad. Bull. VII, 113. 
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bolical equation of vibratory motion in an elastic medium^ whether 
crystallized or uncrystallized^ by O^Brien(l) ; A calculation, accord- 
ing to the Newtonian law of gravitation, of the force by which the 
molecules are kept together, and by which they are brought together, 
on precipitation from solution, by Seguin(2) ; On the motion of a 
system of particles, of which each consists of several molecules, by 
Cauchy(3). Ettingshausen(4) gives an immediate derivation of 
the differential equations of infinitely small motions of a homoge- 
neous system of molecules, from the general equations of infinitely 
small displacements of the centres of gravity of the molecules of any 
one system. 

Moments of inerUa. — ^Timmermanns(5) puts forth the follow- 
ing proposition concerning the theory of the moments of inertia. 
If the ellipsoid of the moments of inertia is constructed about 
every point of an axis which is passed through any body, then the 
axis will be the diameter of all these ellipsoids, and the diametric 
planes conjugate with it all pass through one right line, that of 
the direction of the impulse, through which no pressure is exerted 
on the axes. — This right line generally lies obliquely to the plane 
which passes through the axis and the centre of gravity. It is per- 
pendicular thereto only when the axis is, relatively to one of its points, 
the principal axis of the moments of inertia. In the case of 
oblique position, an impulse exerts along the common line of inter- 
section no pressure at all upon the axis, but produces an action in 
the direction of the axis itself. 

Motion of Solid Bodies: of Projectiles. — Didion(6) publishes 
an extract from a treatise on the true path of projectiles. The 
analytical solution of the problem gave results, not in strict accord- 
ance with all the earlier observations, of which Didion gives a 
summary. Didion has, therefore, illustrated the theory of balistics 
by a new set of calculations, in which he assumes the resistance of 
the air as proportional to two terms, which contain the second and 
third power of the velocity. His results agree very accurately with 
the mean values of the measurements made in 1844 and 1846 at 
Metz. He accounts for the discrepancies observed in the ranges 
and in the paths of single shots by certain disturbing forces, which 
are stated to act together with gravitation, and with the resistance of 
the air, which, however, he fails to specify more clearly. 

(1) Phil. Mag. [3] XXXI, 376. (4) Compt. Rend. XXIV, 801. 

(2) Compt. Rend. XXVII, 314. (5) Instil. 1848, 42. 

(3) Ibid. XXIV, 414. (6) Compt. Rend. XXVII, 495 ;Instit. 1848, 143. 
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Coeffi- 
cients of 
elasticity 
and rotary 
oscilla- 
tions. 


Goefllctents of Elasticity and Rotary Oscillations. — ^The coefficients 
of elasticity, as deduced from the rotary oscillations, always came out 
less than those determined by direct observation. This is true of the 
experiments of Coulomb, calculated by Biot, as well as for those 
of Duleau, Savart, Bevan, and Giulio. — ^Wertheim(l) has 
altered the general equations of the equilibrium, and of the motion 
of elastic bodies, so that while the relation between the coefficients of 
elasticity and the longitudinal and lateral vibrations remain the 
same, that of these coefficients to the oscillations of torsion are 
modified. Let n and n' be the number of longitudinal and torsional 
vibrations of the deepest tone, which is given by a rod fixed at one 
extremity; then, for a cylindrical rod, we have, according to 
n /fi" 

Foisson^s formute = a/ ^ = 1*5811; according to Wer- 

theim^s formulse ^ ~ 1*6330. 

Savart, by experiment, has found this ratio to be = 1'6668, 
Wertheim = 1*6309. 

Kirchoff(2) communicates a note on the theory of equilibrium 
and of the motion of an elastic plate. 

motion of lilquias. Tbelr Telocity of Flow from Harrow Tubes. 
— Poiseuille(3) has found, in some earlier researches on the 
velocity with which water and alcohol flow from narrow tubes, that 
this velocity is proportional directly to the pressure, and inversely 
to the length of the tube, provided that this length does not fall 
below a certain limit, which increases and diminishes with the 
diameter ; while, for shorter tubes, the velocity rises more rapidly 
than the pressure. He found, farther, that all other conditions 
being the same, the quantity discharged is proportional to the fourth 
power of the diameter of the tube. Let the quantity of liquid 
flowing out be represented by Q, the pressure by a water-column 
of height H, the diameter of the tube by D, its length by L, then 


Q = k 


H.D^ 


where k is a coefficient dependent on the nature of 


the liquid, and which increases rapidly with the temperature. 
Foiseuille found, for water of the temperature t : 


Q 


= 188*6724 (1 4- 0*0336793t + 0*0002209936t2) 


H.D^ 
L ‘ 


(1) Instit. 1848, 397 ; Ann. Ch. Phys. [3] XXV, 209. 

(2) Compt. Rend. XXVII, 394. 

(3) Mdm. des Savans etrang. IX ; Ann. Ch. Phys. [3] VII, 50. 
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The experiments with alcohol^ and with mixtures of alcohol and 
water, gave the remarkable result, that alcohol flows more slowly 
than water ; farther, that absolute alcohol of speciflc gravity 0*8000, 
and a mixture of 1 part, by weight, of alcohol with 17^ of water, 
having a specific gravity 0*9893, flowed with nearly equal velocity, 
while a mixture of almost equal parts by weight of the two liquids, 
having a specific gravity 0*9300, required double the time to escape. 
This, according to Rudberg, is the mixture of maximum conden- 
sation. • 

Poiseuille convinced himself by experiment, that the velocity of 
the flow of liquids was equally altered by the admixture of sub- 
stances soluble in them, whether they were conducted through solid 
tubes of glass or of metal, or through tubes of organic substances, 
as, for instance, the capillary tubes of animals : he then undertook(l), 
for the service of physiology, a detailed inquiry into the acceleration 
or retardation, to which the flow of water through narrow glass tubes 
is subject, when the salts, acids, and bases found in the liquids of the 
animal body are mixed with it in quantities as small as those in which 
they are there present. This small addition of foreign substances 
to the water distinguishes the experiments of Poiseuille from some 
similar ones instituted by Girard in 1817, in which these substances 
were employed in the proportions of J, J, or even The following 
tables contain Poiseuille^s results. The salts arc arranged according 
to their acids, which seem specially to influence the action. 

The letters represent as follows — B, C, Z>, E, F, difierent tubes 
used in the experiments : L the length, and d the diameter, II the 
pressure in millimetres of water-column ; T the temperature, P the 
parts of the substances, added to 100 parts of water ; F the time of 
flow in seconds. The numbers in larger type are the times of flow of 
pure water. 


Substances. 

P. 

F. 

Substances. 

P. 

F. 

B. L=64:d=0-24946iH = 

:1000; 

5.L=64; d- 

0-24946; 11 = 

1000; 

T = 11H. 


T 





568*3 





Iodide of potassium 

01 

567-6 




569*5 

*9 „ . . 

0*2 

566-7 

Iodide of sodium 

. . 

0-4 

569-G 

t$ if • • 

0*4 

565-6 

it it 

. . 

2-0 

569-8 


0-8 

563-5 

it 99 

. . 

10-0 

570-0 

if „ . . 

20 

557-6 

it it 

. . 

20-0 

577-1 


100 

530-4 




568*3 

it . 

20*0 

505-7 

Iodine . . . . 

. . 

satur. 1 

568*7 

»» „ . . 

500 

474-9 

Iodide of iron . 

• • 

2 

568-2 


(1) Ann. Ch. Phys. [3] XXI, 76. 


Motion 

of 

liquids. 
Their velo- 
city of flour 
from nar- 
row tubes. 
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Motion 

of 

liquids. 
Their velo* 
city of flow 
from liar, 
row tubes. 


Substances. 


P. 


F. 


Substances. 


P. 


F. 


B. L»64; d«0*24946; H = 1000; 
110 * 6 . 

10 568*5 

0*4 565*8 

2*0 560*0 

10*0 537*6 


Iodide of potassium 
Bromide of potassium . 


T=110*2. 


B. H=865 1.— T = 110*2. 


Protochloride of mer- 
cury 

saturated so- 
lution . . . 


10 

20 


608*5 

607*8 

608*1 

607*9 


5. H = 100;T=:llo*2. 


Nitrate of potassa . . 

0*1 

574*5 

it 

f> • • 

0*2 

573*5 

11 


0*4 

571*4 

It 

ff • • 

1*0 

564*5 


„ . . 

10*0 

541*2 

It 

ff • • 

20*0 

533*3 

Nitrate of ammonia 

1*0 

569*4 

It 

It • 

10*0 

531*1 


soda . . . 

1*0 

575*9 

t» 

ff • • * 

10*0 

592*4 

t> 

lead . . . 

1*0 

577*8 

It 

ff • • • 

4*0 

582*9 

It 

strontia . . 

1*0 

578*8 

It 

ff • • 

4*0 

586-7 

It 

lime . . . 

1*0 

581*2 

It 

ff • • • 

10*0 

623*6 

It 

magnesia 

1*0 

583-2 

It 

ff • • 

10*0 

641*7 

a L 

= 37;d=0*19495;H = 

1370-8 ! 


T== 140*2. 





741-5 

Nitrate of silver . . . 

1*0 

740-9 

11 

ff • • • 

10*0 

741-0 


B, H*1000. T== 110-9. 1 




565*0 

Chloride of potassium . 

1*0 

560*8 

If 

ff • • 

10*0 

544*8 

If 

ammonium 

1*0 

560*9 

If 

91 • • 

2*0 

556*5 

If 

ff 

10*0 

535*8 

ff 

sodium 

1*0 

569-4 

ff 

ff • • 

10*0 

640*3 

ff 

calcium 

1*0 

571-2 

f> 

ff • • 

10*0 

620*7 

It 

magnesium 

1*0 

574*9 

11 

ff • • 

10*0 

646*8 


Hydrochlorate of mor- 
phine 

,, f, strychnine 

1*25 

1*4 

575-8 

589.8 

590*0 


T = 120*7. 





554-0 

1 Cyanide of potassium . 

1*0 

551*6 

ff 

ff 

4*0 

548*8 

ff 

mercury . 

1*0 

558*6 

ff 

ff 

4*0 

564*3 

Pure serum . . . . | 

— 

1014*5 


In serum : 



Cyanide of potassium 1 : 100 ser.l 

998*7 

ff 

mercury 1 : 100 ser. 

1025*3 


T=: 110*2. 



■ 


575-8 

Sulphate of potassa 

1*0 

578*9 

ff 

fi • • 

4*0 

592*1 


ammonia . 

1*0 

582*0 

ff 

ff * • 

4*0 

598*9 

ff 

soda . . 

1*0 

590*3 

ff 

ff • • 

4*0 

606*1 

ff 

magnesia . 

1*0 

590*5 

ff 

ff • 

4*0 

630*1 


zinc . . 

2*0 

595*6 

If 

iron (proto) 

2*0 

609*5 

ff 

morphine . 

1*25 

590*3 


T = 120*7. 





575-8 

Alum . 


1*0 

592*4 



4*0 

632*4 

1 Phosphate of potassa . 

1*0 

583*4 

ff 

fi 

4*0 

602*7 

ff 

soda . . 

1*0 

588*6 

ff 

ff • • 

4*0 

622*8 

ff 

ammonia. 

1*0 

590*2 

ff 

ff 

4*0 

626*2 


T=ll“-2. 





575-6 

1 Arseniate of potassa . 

1.0 

583*3 

ff 

ff 

2.0 

590*8 

ff 

soda . . 

1.0 

588*0 

ff 

ff 

4.0 

617*3 

1 Bicarbonateof ammonia 

1.0 

580*6 

» 

„ potassa 

1.0 

580*4 

.. 

„ soda . 

1.0 

589*8 

1 Carbonate of ammonia. 

1.0 

583*8 

ff 

ff 

4.0 

602*9 

If 

potassa . 

1.0 

588*3 

If 

If 

4.0 

617*0 

If 

soda . . 

1.0 

592*5 

If 

If 

4.0 

622*7 
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Substances. 


F. 


Substances. 


P. 


TRIP'S. 




566-a 

Oxalate of potassa . . 

10 

6711 

»* »f • • 

100 

620-1 

y, ammonia 

10 

574-2 " 

»» If • • 

4*0 

596-6 

y, soda . . 

1*0 

578-4 

Binoxalate of potassa . 

1*0 

573-4 

B, H = 858; T 


620-0 

Acetate of lead ... 

1*0 1 

633-1 

If If • • • I 

4*0 1 

653-5 

B. H = 1000; X 
1 

= 110-4 

571-1 

Citrate of iron . . | 

2*0 

595-3 

T = 1P2. 




575-8 

Tartar emetic ... 

10 

581-2 

If If • • • 

40 

594-7 

B. L = 105: d=017 

; 11 = 1998-6; I 

T = 12«-8. 




lfl3<38'' 

Acetate of ammonia . 

2-0 

122'25" 

B, H = 1000;T = lP-9. I 



564-7 

Solid potassa . . . 

2-0 

579-4 

y, soda .... 

20 

611-4 

Concentrated ammonia 

10-0 

628.7 

If If 

pure. 

725-4 

T = ll»-2. 



1 

I 574-9 

llydriodic acid . . . 

1-0 

575-0 


4-0 

574-5 

Nitric acid .... 

' 1-0 

573-9 


! 3-2 

574-6 

i» If .... 

8-2 

573-3 

T = ll®-8. 




566-2 

Solid iodic acid . . . 

1-0 

570-1 

If If • • • 

3-4 

678-5 


E, L=27; d==01316;H==2012-2; 
T=100. 


Hydrocyanic acid . . 

33-3 

499 

489 

F. L=70;d=0-207i 

H = 2039-4; 

T=100. 

Pure serum 


1448 

100 water to 500 serum 


1277 

100 hydrocyanic acid to 500 


serum 

. . 

1278 

100 hydrosulphuric acid to 500 


serum 

• -1 

1266 

B. H = 1000; 1 

i'=ii“-« 

u 

568-3 

Hydrobroraic acid . . 

1-0 

569-7 

If If • • 

7-2 

571-4 

Bromic acid .... 

1-0 

569-3 

If »!•••• 

3-2 

570-5 

T=ll»-S 

S. 

575-8 

Hydrochloric acid • . 

1-0 

677-3 

If If • • 

2-0 

579-5 

If If • • 

10-0 

591-8 

If If • • 

20-0 

604-3 

Carbonic acid . . . 

satur. 

580-5 

Artificial Selzer-water . 

satur. 

584-2 

Solid oxalic acid . . 

1-0 

582-9 

If If • • 

2-0 

590-6 

If If • • 

10-0 

625-7 

Solid phosphoric acid . 

1-0 

582-8 

If If • 

4-0 

603-9 

Acetic acid .... 

1-0 

585-5 

II If .... 

10-0 

633-4 

II If .... 

pure. 

1315-0 

Solid citric acid . . . 

1-0 

58G-0 

If If • • • 

10-0 

682-1 

Solid arsenic acid . . 

1-0 

586-3 

II If • • • 

4-0 

618-0 

Arsenious acid . . . 

1-0 

578-6 

Concentrated sulphuric 



acid 

1-0 

589-6 

If II • • 

pure. 

14595-0 

Solid tartaric acid . . 

2-0 

601-1 


It is remarkable that strong doses of iodide of potassium, from the 
temperature 60® upwards, and nitrate of potassa from 40®, retard 
instead of accelerate. — Generally the flow is accelerated by 
iodide, bromide and cyanide of potassium, the nitrates of potassa 
and of ammonia, the chlorides of ammonium and of calcium, and 
acetate of ammonia. — These salts, then, so far as they do not act as 
poisons, must quicken the circulation of the blood ; and, indeed, 
direct experiments on living horses have decided this for iodide 
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of potassium and nitrate of potassa^ and for chloride of ammo- 
nium and acetate of ammonia. — ^The other salts that were tested 
have no influence on the rate of flow. 

All the bases retard the flow; and there seem to be only two 
acids^ viz., the hydrocyanic and hydrosulphuric, that hasten it. 

The farther inquiry of Poiseuille — ^whether the alterations pro- 
duced by the admixture of other substances, in the density, in the 
capillary elevation, in the liquidity, and in the boiling point, whether 
the contraction attending their mixture, and whether the solubility, 
the liability to effloresce, and the tendency to crystallize, of the 
substances added, stand in any simple relation with the changes 
induced in the rate of flow, — elicited only negative results. A great 
number of mineral waters behave exactly as, according to the 
results here adduced, might have been expected from their saline 
contents. The quantity of salts diminishes the velocity of flow; 
but their action was greatly or entirely neutralized by the presence 
of hydrosulphuric acid, while, on the contrary, it was augmented by 
carbonic acid. 

In the following tables the flowing-rates of such liquids as 
are used for beverages are compared, to which is added the 
influence of various bodies on the flow of the serum of blood. P 
here indicates the number of parts of the substances mixed with 
1000 parts of the serum of ox-blood. The other letters corres- 
pond to those in the preceding table : 


Substances. 

P. 

F. 

Substances. 

P. 

F. 

B, H=800; 

r-i8» 


B, H = 1000; T=9®*2. 



6oa*o 



eii-a 

Infusion of black tea(l) 

pure. 

611*5 

Decoction of guaiacum. 

pure. 

612*4 

Infusion of black and 



„ cinchona . 

If 

6251 

green tea in equal 



fi II 

100 

617-4 

parts 

pure. 

614-0 

„ marsh-mallow 

pure. 

646*5 

Infusion of green tea . 

pure. 

618*2 

ff II 

100 

634-5 

i» II II II 

II II II II 

10 

20 

604*3 

606*5 

B, H = 1000; T = 

= 110.2 



33*3 

608*3 



S75*ll 


100 

610*6 

Serum of ox-blood . . 

P'. 

1048*5 

If If If ff • 

300 

615*8 

Sulphuric acid(2) . . 

0*5 

1057*4 




>> • • • 

1*0 

1033*2 

B, H«1000; T«ll*2 

Citric acid .... 

1*0 

1035*5 



575-a 

II II .... 

10*0 

1140*2 

Madeira 

pure. 

1134*1 

Acetic acid .... 

1*0 

1041*3 

Sparkling wine . , . 

II 

1152*9 

II II .... 

10*0 

1070*7 

„ (Sillery) . . 

II 

1462*8 

Tartaric acid . . . 

1*0 

1041*1 

Jamaica rum . . . . 

If 

1831*9 

II If * • • • 

10*0 

1233*5 


(1) The tea was infused with 60 times its weight of boiling water. 

(2) The acids were diluted previously, thus — the concentrated sulphuric with eight, 
the citric, acetic, and tartaric acids with four times their weight of water. 
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Substances. 

F. 

1 

Substances. 

F. 

P. 

B. H = 1000; T 

= 140.5. 1 

Ether 

2 

1055*5 



535-B 

Alcohol 

40 

1223*4 

Ether, pure .... 


160*0 

Ammonia 

10 

1000*1 

„ 10 to 100 water . 


773*3 

1 , - . - 

20 

981*6 

Alcohol of 80” (Alco- 



Ether in serum with 



holom.) 


1184*5 

alcohol : : 4 : 1000 . 


1434*1 

Concentrated ammonia. 


688*1 

Ammonia : do. : : 4 : 



Ammonia with lO parts 



100 


1179*6 

of alcohol .... 


1320*6 

Ammonia : do. : : 7 : 



Scrum of ox-blood . . 


1029*0 

100 


,1141*5 

Ether 

1 

1038*8 
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Ammonia runs more slowly than water, whose movement it 
retards ; it accelerates, however, the flow of serum, pure as well as 
mixed with alcohol. Poiseuille considers that the effect of ammonia 
as an antidote, in the state of inebriation, is due to this action. 
This author has also examined the rate of flow of the blood : equal 
quantities of the following liquids were found to flow : 


Min. Sec. 

Scrum, in 20 23 

„ containing a small quantity of blood-globules, in * . 21 17 

Blood, freed from fibrine, in 68 47 


Impulse from asltatea Fluids on Immersed Bodies. — A paper by 
Saint Vcnant(l) has appeared on the theory of the resistance in 
fluids, according to which the paradox of d^ Alembert, that a solid 
body immersed in an agitated fluid receives no impulse from it, — or 
that it offers no resistance to the fluid — ^is refuted, by due considera- 
tion of the friction between the fluid and the other body. For this 
paradox is substituted the proposition: a fluid actually in motion 
exerts on a body immersed in it, an impulse equal to the sum of 
the friction between the fluid and the solid, and of that between the 
liquid particles themselves. 

De Caligny(2) describes the result of some experiments on the 
intermittence of a jet of water, which escapes either from an opening 
partially obstructed, or in the midst of several other surrounding 
jets. 

Motion of Fluids generally. — ^Besides these, the following papers 
have been published on the motion of fluids : On the equation of 
continuity of fluid motion, by Hobson(8) ; On the motion of^ 


(1) Compt. Rend. XXIV, 243; Cauchy's report on two papers by this author, 
mentioned Compt. Rend XXIV. 675. 

(2) Inst. 1848, 127. 


(3) Phil. Mag. [3] XXX, 104. 
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a fluid in a homogeneous medium^ by Magnus(l) ; on the contrac- 
tion of the water-jet, by Hagen(2). 

The Syphon. — ^Person( 3 ) points out that the problem of the 
syphon, which sucks when only its longer leg has been previously 
filled, is erroneously solved in Peclet^s "Physics.” Let a be the 
shorter, and c the longer of the vertical limbs, and b its horizontal 
limb, — ^then, according to Peclet, we must have c > 2 a 4* b, but 

the true formula is c > a + where H represents the 

height of a column ^ liquid equivalent to the pressure of 1 atmos- 
phere. * 

Motion of Gaseous Fluids. Diffusion of Gases. — ^Blake( 4 ) has 
made some' theoretical remarks on the diffusion of gases, of which we do 
not give a fuller report,, because they have led to results which are 
quite untenable, for instance, that the velocity and quantity of dis- 
charge from one vessel filled with gas, into the other, will be the 
same as in the case of diffusion into a vacuum, provided that the 
air in the second is less than half as dense as that in the first 
vessel. 

Terrestrial Dynamles. Density of the Interior of the Earth.-— 

If p represents the pressure at any point of the molten interior of 
the earth, and r the actual density at that point, Boche( 5 ) deduces, from 

the equation ^ = A r + Br% the law of the density r = r^ 

(1 — /3 a^), where, a is the semi-diameter of the particular shell. i 3 = 0’8 
satisfies the precession, % well as a flattening of the spheroid 
= -g-s-o* The formula gives for a mean density 5*5, for that at the 
surface 2*1, for the middle point of the radius 8, and the centre 
10 ‘ 5 , the flattening of the successive shells, increasing from ^5-^ at 
the centre to l^he surface. Gravitation increases, on the 

hypothesis of the above law, &om the surface up to a distance from 
the centre = 0*82 of the radius, at 0*65 it has the same value as at 
the surface, and then rapidly diminishes to the centre. 

Attraction of the Terrestrial Spheroid. — Guiot(6) has written a 
paper on the attraction of the earth on points of its surface, and on 
the cause of its spheroidal form. He starts from an original propo- 
sition of his own, which he thus expresses : — ^At the pole of a sphere 


(1) Berl. Acad. Ber. 1847, 305. (2) Berl. Acad. Ber. 1847, 103. 

(3) Compt. Rend. XXVII, 321 ; Inttit. 1848, 294 ; Dingl. Pol. J. CX, 155. 

(4) Sm. Am. J. [2] V, 78. (5) Instit. 1848, 185. 

(6) Compt. Rend. XXV, 195. 
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there is a very small zone^ which exerts as strong an attraction^ 
as would all the other parts of it together, if formed into a 
perfect spherical shell. Beyond, and re^oned from, this infinitely 
small zone, the attraction of any zone of constant thickness, is 
proportional to the sine of half of its generating arc.! — Guiot calcu- 
lates the polar flattening to be = from the data furnished by 
the observations made by Biot, Matthieu, Duperrey, Preycinet, 
Arago, and Sabine, with the pendulum. 

Attractiou of Spheroids. — Hennessy(l) has published a paper on 
the attraction of spheroids, in which he impro^^s the demonstration 
given by Font^coulant of an important theor^ of Laplace. 

Dependence of Gravity on the Latitude.— The calculation of the 
gravitation of the earth, or of the pendulum-length for a latitude 
X, may be effected by the formula U = 1 4- (1" — 1) sin* X, where 1 is 
the length of the pendulum at the equator, \" its length at the pole. 


Since, from this we obtain for X = 45^, lx 


i±r, which 

A 


does 


not agree exactly with the truth, Babinet(2) prefers the more 
accurate formula: U = 1 4- (1'' — 1) sin® X — 1'^ sin® 2 X, 

where 1' is the length of pendulum for X = 46®. 

Apparatus for determlnins the Density of the Earth.— Hearn(3) 
has made a communication to the Royal Society of London,' on the 
disturbances introduced by diamagnetism into the determination of 
the mean density of the earth, by the lue of Cavendish’s appa- 
ratus. 

Form of the Surface of the Sea. — Boche(4) makes some remarks 
on the irregularities, resulting from local attractions, in the surface of 
the sea. 

Theory of machinery: of Steam Engines. — Crelle(5) announSes 
a full mathematical theory of steam-engines. He distinguishes in 
them the parts which serve for the generation of the power, as ihe 
furnace, boiler, chimney, hot and cold water pumps, (the considi^f ‘ 
tion of which we have not hitherto been able to submit to mathema- 
tical treatment, because our physical data have been insufficient), from 
the parts devoted to the transmission of the force, as the cylinder, 
the beam, valves, condenser, injection-water in single action engines^ 


(1) Phil. Mag. [3] XXXIII, 24. 

(2) Compt, Rend. XXVI, 265 ; Inatit, 1848, 69/ 

(3) Phil. Mag. [3] XXXI, 73. (4) Instit. 1848, 175. 

(5) Berl. Acad. Ber. 1847, Miirz. 

VOL. I. 
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which raise water from various depths^ the governor^ and condenser. 
The true theory of the latter parts had indeed been given in outline 
by Pambour; but there still remained much to be done in the 
details. Crelle promises some researches on the theory of the 
fly-wheel, expansion-valve, condenser, injection-water, of Wattes 
parallel motion, and, generally, on the most advantageous form of 
engine. Meanwhile Crelle give us his results relative to the fly* 
wheel. 

In the continuation of his inquiry, Crelle(l) discusses specially the 
shutting off (expansion), and the question whether the water jet, 
which is employed, where the engine has to lift water from variable 
depths, or, genercJly, to overcome variable resistances, should not be 
replaced by a more certain adjustment. He answers this question in 
the affirmative, and proposes a simple and improved arrangement. 
—Crelle finds, theoretically, that Woolfs s expansion-engine with two 
cylinders, does the greatest amount of duty, viz., four-times as much as 
a low-pressure condensing-engine, without expansion-valve. — Farther, 
he finds that much power is lost in locomotives, by the steam jet, 
and that another form of blast may be employed more profitably. 

To this we have to add the description of some 

App aratus. For nnlform circular Motion liy Welalit.-— In practical 
mechanics, and in numerous physical experiments, the problem 
' occurs — ^to produce a uniform circular motion by means of a weight. 
Jacobi(2) finds the method hitherto employed — ^that of connecting 
the barrel on which the weight acts, by a train of several wheels, with a 
spindle, which is provided with vanes, and revolves with great rapidity 
— inconvenient ; the inconvenience arises from its complexity, and be- 
cause a considerable time elapses before the motion reaches a maximum, 
and therefore uniform velocity, as well as because, if it be suddenly 
stopped, the quantity and velocity of the matter in motion causes a 
powerful reaction. Jacobi proposes to make the vanes revolve, not 
iii air, but in some more resisting mediuim especially in oil. At 
th^bottom of the vessel, which contains the liquid, there is a cup in 
which works the end of a vertical spindle, which carries the vanes. 
The velocity can be regulated by immersing the vanes to a greater or 
less depth in the liquid, and where variable resistances occur, the 
adjustment can be effected by the apparatus itself by means of a 
contrivance similar to the governor of a steam engine. 


(1) BerL Acad. Berl. 1848, Apr.; lostit. 1848, 369. 

(2) Petenb. Acad. Biill. VI. 104; Pogg. Ann. LXXI, 390. 
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Hydrometer-pipette. — Schafhautl(l) proposes an instrament^ 
which may serve to take up equal weights of liquids^ whose specific 
gravity varies within certain limits^ as^ for instance^ of the various 
sorts of beer^ — by a simple method^ on the principle of the pipette 
(beer-taster). The entire instrument is about 0"*4 in lengthy and 
consists of a glass-tube of about 5”*”* diameter in bore^ which must 
be constructed at its upper part^ in such a manner that the sectional 
area of the glass is equal to that of the space which it encloses. 
Towards the lower end the tube is blown into a spheroidal vessel, 
whilst at the upper is attached a closed glass bulb, which enables 
the whole to float as an hydrometer. The dimensions are so propor- 
tioned that the instrument holds exactly 1000 grains of water, when 
in the position in which the glass body displaces that quantity of 
water, and, by reason of the above-mentioned peculiarity of the 
neck, the same weight of denser liquids, into which the instrument 
sinks to a less depth, is enclosed, when it is placed in them. It 
admits of accurate use, from the level to which it first sinks down, 
to that of the float-bulb: indicating specific gravities from 1*000 
to 1*026. For the details of the construction and adjustment 
of the instrument we refer to the paper. 

Aneroid iiarometer.**r-The aneroid barometer, invented by yidi(2) 
consists of a metal box i inch deep, which has been exhausted 
of air and then hermetically sealed. Its upper side is thin, and 
its pliability is increased by concentric circles engraved upon it, 
so that it takes a different position with every alteration in the 
atmospheric pressure. The box is enclosed in a round case, and 
with the centre of the moveable plate is connected a train of levers, 
which multiplies every movement of the plate 600 or 700 times, 
and transfers it to an index, which traverses a graduated dial on the 
outside of the box. The instrument having been once compared 
with the mercurial barometer, it will supply the place of the latter 
for observation, wherever an accuracy greater than to | line is not 
desired(8). Changes of temperature liave no considerable influence 
on the action of this barometer. It is very portable, the ease being 
only about 4 inches in diameter, and If in thickness. 

We have stiU to mention papers on the following subjects : 
On a spherometer, by Perreaux(4)'; On an improved eonstruc- 


(1) DingU Pol. J. CIX, 209. 

(2) Compt. lUnd. XXIV, 976; Pharm. J. Trant. Vll, 479. 

(3) Pogg. Ann. 620. (4> Compt. Rend. XXVII* 585. 
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tion of Wheatstone's chronoscope^ by Hipp(l) ; On the measure- 
ment of periodical motions of great velocity/ by Doppler^ com- 
municated by Bolzano(2) ; On a clock with conical pendulum^ 
by L. Foucault(8 ) ; Observations on this instrument, by Arago(4), 
Winn,erl(6),^; St. Preuve(6), and 6arnier(7); On a centrifugsd 
pendulum, with actual isochronism, by Pecquer(8) ; On a method 
of withdrawing astronomical pendulums from the influence of tem- 
perature and pressure, by Faye(9); On the compensation of 
astronomical clocks^ by Porro(lQ), and by Languier(ll) ; On an 
improved construction of Huyghen's parabolic pendulum, by 
St. Preuve(18) ; On a new system of hydraulic motors, by 
de Galigny(13) and Bourdon(14) ; On a screw-pump, by Guille- 
mot(15) ; On a barometer, by Lefranc(16) ; On improvements of 
aerostats, by Oaudin(17); On anemometers, by Henry (18) and by 
Cockburn(19); On a reflecting anemometer, by Aime(20); On the 
screw, as air-motor, by Planzanet(21) ; On a locomotive, worked 
by carbonic acid, by Jagu(22); On a hydraulic telegraph, by 
Pigoni(23). 


ACOUSTICS. 

Teioelty of BoanA In Hold Bodies. — ^A.n apparatus hasi&^eii con- 
structed by Wertheim(24) for the deduction of the yeloci^ of sound 
in fluids, from the tones which they produce in an organ-pipe. It 
consists of a receiver for the liquid, an org^n-pipe, a pump, an air 


<1) Pogg. Ann. LXXrV, 689. ^ (7) Compt. Bend. XXV, 215. . 

(2) Pogg. Ann. LXXII, 530. ( 8 ) Compt. Bend. XXV, 251. ; 4 .- 

(3) Compt. Bend. XXV, 154. (9) Compt. Bend. XXV, 375. 

(4) Compt. Bend. XXV, 160. - '(1(f) Compt. Bend. XXV, 940. “ 

(5) Compt. Bend. XXV, 214. ( 11 ) Cmnpt. Bend. XXV, 415 and 941. 

( 6 ) Compt. Bend. XXV, 215. (12) Compt. Bend. XXV, 392. 

(13) Com^ Bend. XXVII, 420, Inetit. 1848, 31. 

(14) InstU. 1848, 87. (17) Compt. Brad. XXIV, 3p6. 

. (15) Compt. Brad. XXVIl, 447. (18) Compt. Brad. XXIV, 877. 

(16) Pogg. Ann. LXXIV, 462. (19) In^ 1848, 52. 

( 20 ) Ann. Ch. Phys. [3] XVII, 498 ; Pogg. Ann. LXX, 578. 

( 21 ) Compt. Brad. XXIV, 446. 

(22) Compt Brad. XXVI, 339, 390. 

(23) Cmnpt. Brad. XXIV, 387. 

(24) Ann. Gh. Phys. [3] XXIII, 434 ; Compt. Bend. XXIV, 656; XXVII, 150; 
Pogg. Ann. Etgitairangt. Bd. II, 497 . 
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receiver^ and a manometer. The pipe may^ by means of the pump^ 
be filled at pleasure with air or with the liquid in question . ' Particular 
care is requisite in the latter case to avoid the false hissing !lones^ 
the mouth-piece of the pipe must be rather narrower and shorter 
than when used to blow the pipe with air, the slit muat be larger, 
and the lip more inclined towards the inner part of the tube. Small 
bubbles of air, or a light powder suspended in the fluid, totally 
prevent the production of the tone. If all these influencing causes 
be avoided, the fundamental note and the harmonic upper notes 
are obtained according to the pressure applied. When organ pipes 
are blown with air, they always give a deeper tone than might be 
expected from the length of the pipe, and the known velocity of 
sound in air. — Lisko viu8(l) has proved, that the lowering of the tone, 
under circumstances otherwise similar, increases with the size of 
the section of the tube ; the cause of this is a prolongation of the 
vibrating column of air beyond the end of the pipe; it is, therefore, 
more considerable in open pipes than in closed ones, as in the 
latter a disturbance of this description can only take place at the 
mouthpiece. If a mouthpiece is connected with two open tubes, 
Li and L^, which give fundamental notes of n^ and n^ vibrations, 
from which the velocities of sound Vj and Vg inay be calculated without 
farther correction, and if the correction x and y at the mouthpiece and 
upper end be expressed in the same unit as the length of the pipe, then 

— Yl. ^ ' 


X +y = 


and if n/ and n/, v/ and Vg' have the same 


—Vs 

2(n/-ng')- 


The 


correc- 


meaning for the covered pipes, x = 

tions may thus be calculated separately; one principal dilBculty, 
however, remains, the fundamental note not being perfectly constant, 
but slightly varying with the strength of the current of air. If the 
harmonic upper notes are to be employed, the fundamental note 
derived is higher, proportionally to the height of the harmonic note 
employed. — ^Wertheim calculated the corrections from such notes 
only as were produced by equal pressures. He found, at the same 
time, on comparing the' pressures most adapted to produce the 
different upper tones, that these pressures, the note being produced 
by either air or fluids, stand in the ratios of the squares of the 
terms of the harmonical progression. — Numerous determinations 
of the velocity of sound made in this manner never differ more than 


(l) Pogg. Ann. LVII, 95 ; LX^ 482. 
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one per cent, from that found by another method (332°‘*3). The 
velocity of sound is, therefore, the same in the unbounded mass, as 
in a cylindrical column of air. 

The resulting velocity of sound obtained by the measurement of 
notes from water, vibrating in a pipe is 1173®*4 at 15® C. As- 
suming the law deduced above (page 97) for solid bodies to hold 
good likewise with fluids, the velocity of sound thereby obtained is 
s=: 1173*4 . 1437®*1, while, by observation at 9® C, the 

number 1435m* was found. We have to assume, therefore, that 
in liquids likewise, the velocity of sound in unlimited masses, 
stands to that in a fluid column, as : 1, which is possible only 
if the law of equality of pressure on all sides, no longer exists in the 
vibrating fluid. — ^By experimental determination of the corrections 
to be applied to the length of the pipe, by measurement of the 
number of vibrations, and with consideration of the proposition 
expressed above, the following values were obtained : 





Velocity of sound : 


niiid. 

Temp. 

Density. 

in 8 
column. 

in 

unlimited 

CompressibiUty. 


• 


mass. 


Seine-water ..... 

150 

0*9996 

1173® *4 

1437® *1 

0*0000491 

Artificial sea-water . . . 

20» 

10264 

1187 *0 

1453 *8 

0*0000467 

Solution of Na Cl . . . . 

16* 

1*1920 

1275 *0 

1561 -6 

0*0000349 

IF IF NaO, SO 3 • . 

20* 

1-1089 

1245 -2 

1525 -1 

0*0000393 

„ „ NaO, CO 3 . . 

22«-2 

1*1828 

1301 -8 

1594 -4 

0*0000337 

IF FF NaO, NO 3 . • 

20«-9 

1*2066 

1363 -5 

1669 *9 

0-0000301 

„ „ Ca Cl . . . . 

22«-5 

1*4322 

1616 *3 

1979 -6 

0-0000181 

Absolute alcohol .... 

23* 

0*7960 

947 *0 

1159 *8 

0-0000947 

Oil of turpentine .... I 

24* 

0-8622 

989 -8 

1212 -3 

0*0000800 

Ether | 

0* 

0*7529 

946 *3 

1159 *0 

0*0001002 


Velocttv of Propagation of Sound in Air. — Challis(l) has sub- 
jected to a new investigation, the mathematical theory of the velocity 
of the propagation of sound, and of the vibrations of air; he has 
thus given rise to a discussion in which Airy(2) and Stokes(3) 
have taken part, but which has as yet led to no results of great iub- 
portance. 

Blake(4) also, like Challis, has attacked Laplace^s correction 
of Newton^s formula for the velocity of sound. H 'being the 
height of a column of air of the same, density, as at the point 


( 1 ) Phil. Mag. [3] XXXII, 276,494; XXXIII, 98, 360, 462. 

( 2 ) PhiL Mag. [3] XXXII, 339. 

(3) PhU. Mag. [3] XXXIII, 349. 

(4) Sm. Am. J. [ 2 ] V. 372. 
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from which the sound is propagated, and of a pressure equal to that 
of the atmosphere, h bdng the height of a ccdumn of air of equal 
density, the pressure of which corresponds to the increased density, 
as actually occurring in the ware of sound, then Blake finds the reloeity 

H + li 

of sound equal to that whidi a body falling'through the qiace — ^ 

H 

acquires, While Newton had found the space of descent to be - 7 , 

A 


independent^ therefore^ of the intensity of the sound.—Blake cal- 
culates^ according to his formula^ the magnitude of the wave^ corres- 
ponding to the velocity of 1142 feet, and the increased density 


of the air in the same, according to the formulse h = 



d - 32 ^ 5 ^ which the density of the surrounding air is taken 


as unit,\thus he finds h = 12987 feet, d =: 1*465, while H is 
= 27818, a result, the fallacy of which becomes at once apparent, if 
we consider how small the amplitude of vibration in soun^ng bo^es 
generally is, in proportion to the wave-length. — Blake is of opinion, 
that the dependence of the velocity of sound on the intensity, as 
pointed out by him, will account for the considerable discrepancies 
obtained in the various measurements. A more accurate considera- 
tion of the methods shows, however, that the sources of error 
hitherto recognized, particularly the influence of wind, suffice for 
the explanation of those discrepancies. 

Yiiirations of Rods and Strings. — ^A. Seebeck(l) has indicated 
a general method of calculating the position in vibrating rods, 
fixed at one end, of the vibrating n^es, and of the points of 
greatest vibration and of flexure, which, until now, had been cal- 
culated only for a rod free at both ends. The results of calculation 
are synoptically arranged in a table. — ^The second portion of the 
treatise, discusses the vibration of stretched rods, under which head, 
strictly speaking, stretched strings also belong. N. Savart and 
Duhamel endeavoured, the former experimentally, the latter theo- 
retically, to prove the proposition, that if n be the number of vibra- 
tions of the string stretched, Uq that of the string not stretched, 
and n| that of the string loosely stretched, n^ = n^^ -h n^^. Seebeck 


*(1) Fogg. Ann. LXXlll, 442. 
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^BdiB«B 8 ,.£rom^^t^^ gi^ersl eqaatba^of motion ior string, the foUow- 

^ j and5 a= 4 **^3 

in which F draaotes the tennbn, 1 the length, p the weight of the 
leng<h-nnit of the string,' and a the constant of elasticity. The 
deviation of the i*^ note from perfeiet harmony is, according to this, 
l +i»3 

^^r+T 

Bellani(l) adduces observations of Gattoni/ according towhich^ 
iron, wires tightly stretched in free air^ sound only during a change 
of weather; no sound is obtained either in fine^ rainy or very 
vindy weather. 

Theory of musical Notes. — ^Robert Lefebvre(3) has communi- 
cated to the French Academy a mathematical theory of musical 
notesj combined with a discussion of the general principle of music. 

Notes obtained hy the electrle Currents — Wertheiin, in a former 
memoir(3) had endeavoured to prove— Istly. That the electric current 
gives rise to a transitory diminution of the coefficient of elasticity 
in conductors; 2ndly. l^at the conversion of iron into a magnet 
is likewise attended with a slight decrease of the coefficient of 
elasticity^ which only partially disappears^ with the interruption of 
the current. — In a second inve8tigation(4) he endeavours to ascertain 
more accurately the mechanical effect exerted upon rods of iron 
or -of steel, either by an outer current, which passes through a 
q>iral surrounding them, or by an inner current; he farther 
ffiscusses the laws of notes, produced by longitudinal or transversal 
concussion. Wertheim expressed the results of his researches in 
the following propositions; Istly. A edrirent passing through a 
helix, wound round a mass of iron, exerts an attractive infittehce on 
this mass, isimilar to the atlrai^bh of iiroh the electrical 

inducting wire, as discovered by Arago. 2n^y- This attractive 
power, which is proportionate to ihe force of the current and the 
size of the inass ojT iron, may be considered as consisting of a longi- 

(1) (3|omale Iiutit. lA>mbar^ 

(2) Imrtit.Tlg48,3d8. ' 

(3) Aim. Gh. Phya, [3] JCII, 610. . 

(4) Ann. Ch. Pbya. [3] XXlll, 302 ; Compt. Rend. XXVII, 505 ; Instit. 1848, 142. 
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tadinal and a transversal component. Srdly; The former^ according 
to the position of the helix^ tends to elongate or to shorten the iron 
rod. 4thly. The transversal components^ whose mechanical equiva* 
lent may be easily expressed in weighty occur only in an eccentric 
position of the iron ro^ ; they balance ^h other if the axes of the 
rod and the helix coalesce. Sthly. llie inner current exerts a 
sudden impulse upon the iron conductor^ and there is np difference 
between this effect and that of a mechanical power acting in the 
same direction. 6thly. These mechanical effects afford a perfect 
explanation of all distinct notes produced by the exterior or interior 
current^ or by a combination of both^ in 'a rod^ a thready a plate of 
steel or iron. The notes obtained by the longitudinid components are 
the same as the longitudinal notes produced by a blow on the end 
of a rod in the direction of its axis. — ^Wartmann(l)^ from a series pf* 
experiments made with glass plates^ the resin and tinfoil coatings of 
which were charged with electricity — and with wires, plates, and 
rods of iron, copper, and brass, which, when exposed to the inductive 
action of the current or of a magnet, retained their natural height 
of toqp — considers himself justified in concluding that induction 
does not perceptibly alter the elasticity. 

According to De la Rive(2) a note is always produced in a 
metallic conductor, when an intermittent current is passing through 
it, while there is in its vicinity an electro-magnet, or a spiral 
wire surrounding it, through which a continuous current passes in 
the same direction as the one which produces the note. The same 
result is obtained, whether the conductor be employed as a straight 
wire, as a helix, a rod, or a tube. • 

If the sounding conductor be wound spirally, the intermittent 
current at once produces a note which is, however, increased by an 
exterior or interior helix with a constant current. — ^As soon as a 
constant, together with the intermittent current, is passed through 
the same conductor, the note ceases. Hence, it appears that the 
note is produced by molecular oscillations, which cease when the 
molecules attain a permanent position by a constant current. A tube 
of soft iron placed between both spiral wires increases the note, if 
both currents pass in the same direction; it decreases or destroys the 
note, if the currents pass in the opposite direction; it. has no effect 
when split lengthways. A rod of soft iron in the axis of both 
spiral wires always strengthens the note, whilst rods of oth^ nietab in 


(l) Arch. Ph. Nat. VIII, 177. 


(2) Arch. Ph. Nat. IX. 265. 
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tUs position produce no effect whatefer. De la Rive also obtamed a 
note from a circular disc of brass^ if the current passed from the 
centre to the circumferencei or vice vered. As mercury^ and even 
the voltaic discharge^ give notes when under the influence of electro- 
magnetSj De la Rive puts forth the following general proposition : if 
an electric current passes through any solids fluids or gaseous con* 
ductorj a magnet^ or electric currents in its vicinity will effect a 
c^ain transposition of the molecules; if the former current is 
intermittent, the molecules oscillate between the natural position of 
equilibrium and that imparted by the magnetism. The oscillations 
are the cause of a sound. 

Pliysioiosicai AeousUes. — ^In order to ascertain the cause of the 
same body communicating to our ear different tones at the same 
iime, Duhamel(l) has made the following experiments. A 
caoutchouc thread connected consecutively with different points of an 
oscillating plate, producing simultaneously two or three notes, was 
conveyed to one ear, while the other was stopped up. He convinced 
himself that an impression of sound could arrive at the ear in this 
manner only, and yet all the notes were audible at the saiqfB time 
at all the difierent points. Hence Duhamel concludes, that if the 
oscillatory motion of one point be decomposed into several others, 
the ear is affected in the same manner, whether the component 
movements emanate simultaneously from several neighbouring points, 
or from one point only. 

Scott Russel(2) has observed that if a locomotive moves with 
the rapidity of from fifty to sixty miles an hour, the note of the 
whistle hea^ by a stationary observer is decidedly higher or lower, 
as it approaches or recedes, than when heard by a person on the 
engine. Russell explains this phenomenon quite correctly by the 
composition of the velocity of the sound-waves, and that of the source 
of sound, the arguments of Brewster, who assumes a purely physio- 
logical cause, are, as Harris remarks, without foundation. The 
theory of this phenomenon had been ^ven previously by Doppler (3), 
the confirmatory observations by Ballot (4) in the year 1845. — 
Bussell considers the difference in height of the direct and reflected 
tones, as the cause of the painful impression made on the ear 
during the passage in a train und^ a bridge. 

(1) Compt. Rend. XXVIl, 457; Initil. 1848, 341; Ann. Ch. Phys. [3] XXV, 45; 
Arch. Phyi. Nik. X, 52. 

(2) Initit. 1848, 288 : Arch Ph. Nat. IX. 138. 

(3) On the coloured light of double stars, by Chr. Doppler ; Prague 1842. 

(4) Pogg.Aiin*LXVl,32l. 
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Segond(l) has made somdlfctivesti^tions on m of the 
different sounds of the human voice. According to his obsenrations^ aeouities. 
the smalls the space of the windpipe^ the th^t, the iiiondi> and 
the nose^ the clearer and shriller the voice becomes ; with regi^ to 
the explanation of the nasal voice^ Segond calls attention to the dif- 
ference arising from the circumstance of the sound passing through 
the cavity of the nose, or of its resounding only in this cavity when 
closed. In the latter case the character of the nasal voice is most 
decidedly apparent. 

Segond farther has instituted researches on the human voice, on 
inspiration(2), and on the connection between the total movement of 
the glottis, and the height and strength of thsnete(3). 

Apparatus.— A hand-orgau has been described by Stein(4), and an 
akumeter, or instrument for measuring the acuteness of hearing, by 
Marloye(5), made according to Blanchet's directions. 


OPTICS. 


Sources of lilsSt. Development of lilplit by Heat, and dnrliis 
Chemical Processes. — Draper has communicated researches on 
the production of light by heat(6) and by chemical ac- 
tion (7). To ascertain the temperature of incipient incan- 
descence, Draper made use of a platinum wire of ^ inch 
in thickness, which was heated by means of a voltaic current, 
a rheostat being employed iu the circuit. The temperatures 
were measured by the expansion of the platinum wire. In a 
dark room the wire began to be incandescent at 5^5^ ; this tem- 
perature was fixed by Newton at 886®, by Davy at 488®, by 
Wedgewood at 608®, by Daniell at 628®. Copper, antimony, 
gasA;arbon, lead, and iron, become luminous at the same temperature 
as platinum, and it appears that the temperature of incandescence is 
identical in bodies of very different nature. Many minerals, how- 


(1) Compt. Rend. XXV, 204 ; Arch g4n. de M4deo. Man 1848 ; Jahrbiicher der 
gesammten Median LXI, 9—12. 

(2) Compt. Rend. XXVI, 252 ; Inatit. 1848, 63 : Jahrb. d. ges. Medic. LXl, 11. 

(3) Compt. Rend. XXVII, 85 ; Jahrb. d. ges. Medic. LXI, 12. 

(4) Compt. Rend. XXlV, 333. 

(5) Compt. Rend. XXV, 676 : XXVI, 580. ^ 

(6) PhU. Mag. [3] XXX, 345. (7) Phil, Mag. [8] XXXII, 100. 
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especially such as contain Hhie, are exceptions. Draper 
found th 9 ,t limestone^ marble^ and particularly fluor-spar^ shine at 
a lower temperature than iron. — ^Prismatic decomposition of the light 
emitted by the * platinum-wire proved^ that generally the least 
refrangible rays appear firsts whilst the quantity of the more refran- 
gible ones increases with the temperature. The fact that the spectrum 
underwent a partial elongation^ in the direction of its red extremity 
also^ Draper explains by the increased intensity of the light 
generally. At 654^ the orange ray principally was visible^ and^ in 
tile place of yellow, a tint, wWch may be designated as grey. It was 
only at 1168® that all the colours exhibited considerable brilliancy, 
their extent being little shorter than the daylight-spectrum. Avail- 
ing himself of Bouguer^s photometric method. Draper found 
that, with the rise of temperature, the intensity of light increased 
slowly at first, but afterwards with progressively increasing rapidity. At 
526® it is equal to 0; at 1038® equal to 34; at 1420 equal to 1234, 
or 36 times greater than at 1038®. — ^Radiated heat, likewise, qs 
pointed out by experiments with the thermo-multiplier, increases 
much more rapidly than the temperature. The quantity of radiant 
heat at 545® being taken as unit, the amount emitted at 800® is 2*5 ; 
at 1188®, 7*8; at 1310®, 17*8. 

Draper subjected to prismatic analysis the light emitted by 
anthracite^coal and wood-cWcoal, burning and then gradually expir- 
ing, the former in atmospheric air, the latter in oxygen gas. lie 
found that there is a connection between the refrangibility of the 
light which a burning body yields, and the intensity of the chemical 
action going on ; that moderate processes of combustion emit only 
the less refrangible rays of the spectrum, whilst the refrangibility 
increases with the increasing intensity of the chemical action. This, 
however, by no means justifies the conclusion of Draper, that for 
each degree of combustion, rays of a certain colour are developed, 
and that a flame, in which the activity of combustion decreases as we 
advance inwards, is a system of concentric shells, * presenting the 
different colours of the spectrum in such a maimer that a horizontal 
section of the flame would exhibit the appearance of a rainbow-ring. 
The Imghtest part of the flame in wbidi the carbon particles are 
floating in a state of msit powerfol incandescence, emits rays of all 
colours, as proved by the foregoing experiments, and by those on the 
light evolv^ during ignition; the light developed in the outer shell, 
which is fflttest, being chi^y blue, whilst in the inner shell 
the red predominates. The fact that coloured flames present 
many rays of the spectrum, but with a preponderance of certain 
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rays, is not new. (Badicke, 4)ptics5 II. 201^) When analyzing 
a horizontal zone of a spirit flame, Praper found all the coloured 
rays; the edge of the prism being pla^d horizontally, the nar« 
rowest spectrum was produced by the red, the broadest by the violet 
rays, which extend towards the border. The yellow part was marked 
by a brilliant line, Brewster’s monochromatic ray. The colour of 
the carbonic oxide-flame, which, in atmospheric air, appears blue, is 
not changed in oxygen gas ; the red flame of cyanogen gas, on the 
other hand, assumes a dazzling brilliancy, its spectrum being enlarged^ 
especially towards the violet end. — prismatic spectrum was 
essentially changed by introducing air into the interior of an oil- 
flame, by means of the blow-pipe ; Draper mentions that then the blue 
point of the flame no longer gave red or orange rays, the spectrum 
consisting of five separate spaces, one yellow, two green, one blue, and 
one violet.— Draper’s view that, during chemical action, the material 
particles enter into vibrations, which, in the case of combustion, may 
rise from 400 billions to 800 billions in the second, may be admitted. 
The regularity, however, exhibited by the differences of the wave- 
lengths corresponding to Frauenhofer’s lines, which he found to 
be in the ratio of the numbers 1, 2, 4, 6, 7, 9, 10, cannot be con- 
sidered as conclusive, inasmuch as Frauenhofer has by no mUfcns 
selected the strongest of the 2000 lines composing the spectrum, 
his main object being the acquisition of regular intervals. 

Nature of the Candle-Flame. — ^yolger(l) has recently subjected the 
flame of the candle to a new analysis. After synoptically arranging 
the ascertained constituents and products of decomposition of the 
various kinds of fat during combustion, he proceeds to examine the 
gradual development of the flame on ignition. The so-called 
hud, (Flammenknospe,) a globular blue flammule, is found to be first 
produced at the summit of the wick ; this is the result of the com- 
bustion of carbonic oxide, hydrogen and carbon, and is surrounded by 
a reddish violet halo, the veil. The increased heat now gives rise to 
the actual flame, whieh shoots forth from the expanding bud, and is 
then surrounded at its inferior portion only by the latter. The 
interior consists of a dark gaseous cone, containing the immediate 
products of the decomposition of the fatty acids, and surrounded by 
another dark hollow cone, the inner cap. ^ere we abeady*meet 
with carbon and hydrogen, which have resulted from the process of 
decomposition, and we distinguish this cone from the ix^r one, by 
its yielding soot.* The external cap constitutes the mw luminous 
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(1) Pogg. Ann. LXXII, 82. 
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of Ifght. flame^ in which the hydrogen is consumed^ and the 

' oirbon rendered incandescent. The sorrounding portion is but 
slightljrluininoas^ deposits no soot^ and in it the carbon and hydrogen 
sore consumed. 

B. Becqaerel(l) has investigated the effect produced by the 
various parts of the spectrum upon Canton's phosphorus and the 
phosphorus of Bologna^ (sulphides of calcium and of barium,) and 
has observed, that the most re&angible rays (those beyond the violet) 
give rise to phosphoM|||ac^ and that spots, of more or less 
intense action, may be msemguished in this portion of the spectrum. 
He has also found that the rays intervening between the violet and 
red portion destroy phosphorescence, after having previously increased 
it for a short space of time, or after having increased the emission of 
all available rays. Drape]i^(3) communicates the fact, that the above 
results may be found in a work of Wilson's, dated 1776. 

Matteucci(3) has published a note on the phosphorescent matter 
in fishes, and on marine phosphorescence. 

Tbeory of lil9ii«.~Cauchy(4) communicates the following results 
obtained in reference to the three rays of light, which correspond to 
the simple vibrations of the ether : 

Assuming the waves 'to be plane, the three rays are propa- 
gated with velocities, the squares of which are the roots of a cubic 
equation. Two roots correspond to the rays that have hitherto been 
observed by physicisli ; they are equal as regards substances that 
produce simple refraction; unequal, though but with a slight 
difference, as to those with double refraction, and to homogeneous 
substances, which divert the plane of polarization; they are imaginary 
in metals and opaque bodies. 

2. The two principles of corresponding motion, and of the 
continuity of the motion of the ether, give rise to the equations of 
condition, which sufSice for the purpose of ascertaining the character 
of the polarization, and the intensity of the rays which are reflected 
or r^fiieted at the sur&ce ci opaque or transparent media. 

8. As to the third ray, ealccdation proves* it to disappear if the 
undulations of the incident light are either perpendicular to the 
plane of incidence, or if they pass off parallel or perpendicular to 
the reflecting surface; and, lastly, that it is extinguished for every 
medium at an appreciable distance from the plane of separation. 

(1) Ann. Ch. Fhyi. [3] XXII, 244 ; Compt. Bend. XXV, 632. 

(2) PUL Ifeg. [3] XXX, 87. (3) Ann. Ch. Phys. [3] XXIV, 358. 

(4) IntUt. 1848, 229 and 398. 
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The quotient of the unit by the coefficient of extinction of tlie third 
ray, is changed in value in the transition of the ray from the first to 
the second medium, excepting when the surface completely polarizes 
the light, under a certain angle of incidence. The difference of 
the two values multiplied by the ratio of redaction, gives the small 
coefficient contained in the formulse relating to transparent bodies, 
as proved by Jamin^s experiments. ^ 

4. Other phenomena appear to lh(^<»te tbe existence of the third 
ray, such as the loss of light, whii^^<^|&in the reflected ray in 
oblique incidence, and as the polarizatic^j^Bispersed light observed 
■ byArago. 

A theory of the propagation of light-rays and of polarization, has 
been founded by Ghallis(l), upon a new doctrine, regarding the con-; 
stitution of the luminiferous ether, wl]|^' he assumes to be com- 
pressible. . "" 

Mac Gullagh(2) has communicated an essay on a dynamic theory 
of the reflection and refraction by crystals. 

Reetlllnear Propagation of liiwJtt. Aberration of Uipht.— The 
aberiration of light, which is easdy explicable on the assumption of 
the theory of emission, is acknowledged to become a more complicated 
problem when viewed upon the principteibf undulation, masmudtt as 
the rays which pass through space on* approaching the earth, enter 
into the ether agitated by the rotation and translation; their course, 
under these circumstances, requiring to be deilfenstrated. Fresnel 
had cut the knot by assuming that the earth moved, with all the 
solid and fluid parts that pertain to it, through the tranquil ether, 
in , the same manner as a net with wide meshes would pass through 
the air. Physicists have not been satisfi^ by this improbable 
assumption. The mathematical discussion of this matter, which 
took place especially during the year 1846(3), has been resumed in 
1847 and 1848, by Powell(4), GhalliB(5), and Stokes(6). 

Interference, with eonslileimble ltetarda|ion. — Fizeau and 
Foucault(7) have constructed an apparatus for instituting observa- 
tions of the most various phenomena of interference. Babinet, Ar ago, 
and Begnault, who were appointed to report on the subj^ to the 

(1) Pha. Mag. [3] XXX,S65 ; Imtit. 1848, 59. 

(2) Tram, of the Royal Irish Acad. XXL 

(3) Doppler, Abh. der bohm, Ges. 5. F. Ill, 747. Stokes, Phil Mag. [3] XXVll, 9 ; 
XXVIII, 15. 76. 335 ; XXIX, 6. 62. ChaUia, Phil. Mag. [3] XXVII, R21 : XXVIII, 
90. 176. 393. Powell, PhU. Mag, [3] XXIX, 425. 

(4) Phil. Mag. [3] XXX, 93. (5) PhiL Mag. [3] XXXII, 168. 

(6) Phil. Mag. [3] XXXII, 343. (7> Instit. 1848, 189. v 
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l^iench Academy, have desigoated the invention as one of the highest 
imfiovtance, and calculated to facilitate the study of the simplest as 
well as of the most complicated optical phenomena. Bays issuing from 
a narrow opening and parallelized by a lens, are conducted through 
one, two, three, or even as many as five powerfully r^racting prisms. 
The coloured rays are thus most completely separated, and those of 
the sape denomination are unitejji by a second lens into a single point. 
The spectrum exhibits th^^k ^ ll very perfectly defined, and may be 
examined upon a whits||||ged|^ ground glass surface, or, directly, 
by means of a micronfflHjjr I^s, without an intervening medium. 
The inventors of the apparaj^ have been thus enabled to produce 
fringes with very great retardations, both by means of the mirrors, as 
well as by retardation of one ray by twofold reflection in a glass plate. 
Or by double refraction in^||||||tes of calcareous spar of 5”*°*, or rock- 
crystal of 60“ in thicknesR They have observed the phenomena 
presented by chromatic polarization, and have measured the coinci- 
dent retardations, as well as the constants of rectilinear, circular, and 
elliptical polarization ; so as to deduce numerous theoretical conclusions 
of importance. Their essays have been admitted into the Recueil 
des savans (trangers. 

New Case of interferen|||^Baden Powell(l) has investigated a 
new case of interference. If into a hollow prism, filled with oil of 
sassafras, anise, or cassia, a strip of glass be dipped, so that only 
those rays pass thrdl|h it which enter at the broadest part of the 
prism, the sjs^^trum of a beam of light is traversed by black bands, 
parallel to the origin of the light, and to the refracting edge of the 
prism. If fluids be employed which refract less than glass, for insta](p:e 
oil of turpentine or ^ter, the strip of glass must be immersed into 
the narrower part of me prism, the broader portion being left free. 
If we term the indices of ref^tion for the strip of glass, and 
for the fluid, m and n ; the wave-length of a ray, X ; the same mag- 
nitudes for a second ray, m', n^, and X' ; the thickness of the plate, 
d ; and the number of the bands between, both coloured rays, a ; we 

shall '^flild a = dfc { } • If plates be employed which 

ajBS[>rd double refraction, two rows of bands are obtained, superim- 
posed on each other. 

AnalyslB ofFraaenliofer’s laterfereiiee»8peetniiii. — Mossotti(2), 

as early as 1846, published at Pisa a separate essay on the characters 

ss 

(1) Iluiit. 1848, 314; PbU. Mag. [3] XXXIII, 153. 

(2) Fogg. Aim. I,XXn.50«. 
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of Frauci^hofcr's interference-spectra^ in which he communicated 
formulae expressing the dependence of the wave-length and of the 
intensity upon the position of the coloured ray in the spectrum. The ferente- 
interference-spectrum must be considered as the normal the prismatic ■***®*™*"’ 
as a distorted spectrum. If we suppose the entire interference-spec-* 
trum #0 be divided into 860 parts^ represented by 2 at, X expressing the' 
wave-length^ which corresponds to an arc measured from the 
centre of the spectrum^ we find^ from observ^on; that 

X= 658-5 + lS4rMt 

we thus obtain for the extremities 369 and 738^ the millionth part 
of a millimeter being the unit. The formula 

expresses the index of refraction n of a ray by its wave-length X ; 

Xq being the wave-length of a certain ray, the deviation of which 
requires separate measurement in every instance. If more measure- 
ments be made than there are ^unknown quantities, the coefficients 
i, h, and k, may be calculated according to the method of least 
squares. — Let x be the angle between X a:^ X^, then 

and if G represent the intensity of*a point in th^^^fraction-spectrum, 
the intensity of the same coloured pencil in the interferetfce-speotrdm 

will be jT =: n G, n being a constant cdefficient. The values of 


- r for the known 7 lines are ; 
n 

BCD E P G H. 

9054 30851 294375 315787 146931 39316 9471 

K the axis of the coordinates be carried thi^pgh the middle of 
the interference-spectrum^ i, e. the ray whose wave-length X = 653*5, . 
we obtain, according to Mossotti, the following e(}nation, i^hlih i| 
intended to express the symmetrical diminution of intensity in tIiSf 
spectrum on either side : 

r 8X(1_X) 1 

z* = ixJl— 1 I 

\ l + 4X*.e— ij 


hence ss3«-! 


- 668-6 1 — r 

[ 58 ^* *“®X- j> • 


The values dedumUe 


from this formula, for the refraction-spectrum, agree sufficiently. 


von. I. 
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p7![u»/ Magnus(l) descnbes an apparatus by ibetdd of whidvhe is able 
^ produce the phenomenon of diffraction in the Tomcellian vacuum. 
■p«^m source of light itself and the diaphragms are in vacuo^ so 

that, by this means^ the objections are obviated of all those who 
assume light to be propagated through the material parts^of 
bodies. 

Beflection of liiont. — Cauchy^s mathematical analysis^ and the 
experimental investigations of Jamin and Senarmont, have gene- 
ralized and simplified the expressions of the laws of refiection of 
light. The latter are peculiarly valuable^ as they present us with a 
series of admirable methods of observation^ and because they prove 
that the application of double refraction and chromatic polarization^ 
supported by simple mathematical considerations^ is productive of 
important results^ both in regard to the accurate confirmation of 
optical laws^ and of the measurement of the necessary constants. 

We shall first adduce the formulae of Cauchy (2)^ which express 
the filtensity of the light reflected from opaque^ and especially 
from metallic bodies^ frequent reference being made to them 
in the subsequent experimental researches. An acquaintance with 
the index of refraction of any homogeneous^ transparent, body;, is 
sufficient to characterize it; in opaque bodies the refracted ray is 
extinguished close to the surface, Cauchy, therefore, assumes a 
second constant for these bodies, namely the coefficient of extinction. 
Let d and € be chosen, so that d* cos. e and d sin. c represent the coef- 
ficents of refraction and extinction for perpendicular incidence, let P 
and be the intensities of the light reflected at the angle i, the incident 
ray bejng polarized perpendicularly, or parallel to the plain o||in- 
ddence, we then obtain 

P=tan.(^-J); P=tiin.(x~j) (1). 

in wliich 

cot^ooa(2c — n)^2M:ctaB.- ^^^ ~ v ^ cotx~co8a 8m(2arctan.^')(2), 
wben a and U are given by the following equations 

cot (2 n— «) = cot * cos^2 arc tan.^^^^; U* , s» (3) 

One of the two oomponentB, into which every raythatisrectilinearly 
polariwdf may be resolved when reflected^ and of which one is perpen- 

(1) BoL And. Ber. 1847, 7tff Ann. LXXI, 408. 

(2) CoBwt.-lleiid. IQCVI, 8t; Vogg. Aim. LXXTV, 648. 
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dicular and the other parallel to the plane *of incidencej requires in 
reflection a retardation B, which is obtained by the equation 

tan. ^ ss tan. 2 cn sin 

being determined by 

U . cos i 


tan. at 


sin* i 


For the principal incidence (the angle of greatest polarization)^ S = 

therefore « = ^ and U = sin i . tan i; finally, u= 2 A, A being the 
azimuth of the reflected ray, when the azimuth of the incident ray is 
= Having measured i and A, and calculated u and U, they are 

introduced in the following equations deduced from (3) 

^ ^ sin 2 u 

tan. (2 e — u) = tan. u cos. (ir — 2 i) ; S* = g " V 

and we are enabled successively to calculate £ and (ft and Xt 
lastly the intensities I* and T*. 

It is well known that, in reference to the reflection of light, 
transparent and metallic bodies have been considered hitherto as two 
distinct groups ; the former were stated always to reflect with recti- 
linear polarization in any azimuth, a ray that had been polarized 
rectilinearly, it having been assumed that the difference of phase 
of the two systems, perpendicular and parallel to the ^ane of inci- 
dence, was from QP incidence to the of polarization = 0, or 

=‘2 IT, from that to 90® incidence s= ^r. The metals, on the other 
hand, were said to present, instead of complete polarization, a 
maximum of polarization only, and to convert the rectilinear undu- 
lation, unless perpendicular or parallel to the plaqp of incidence, into 
an elliptical one, the difference of phase grad^ly increasing from 

0® incidence to the main incidence, from 0 to and from the 

prinqipal incidence to 90® from to «■,— A few transparent enb* 

stances of very high refractive power, such as diamond, appeared to 
form links between these two groups, as, mthin certain limits, they 
presented elliptical polarization. Dale(l) lias enumerated a senes of 
non-metallic substances, possessing a high coefficient of refraction, 


tiOA of 

iigat. 
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ftonTf exhibit elliptical polarization; as indigo, artificial realgar, 

light* diamond, sulphide of zinc, antimony, glass, fused sulphur, tungsten, 
carbonate of lead, hyacinth, arsenious acid, garnet, idocrase, helvine, 
labradorite, hornblende, chromate of lead, litharge, indian ink. 
His opinion is that elliptical .polarization is the universal 
and that, probably, no substance presents perfect polarizatira ; 
he assumes that the residue of unpolarized light in substances 
possessing a low index of refraction may be too trifling to be 
observed, and thinks that the mathematical theory of reflection 
should comprehend under one equation the reflection both of metals 
and transparent substances with a high and low coefficient of 
refraction. 

Jamin(l) does not appear to have been acquainted with this view 
of Daleys, although he assumes the doctrine to be an established truth, 
which he states that he has proved by a very accurate method of 
observation, the particulars of which, however, he does not commu- 
nicate The results he arrives at are, that the division of homo- 
geneous media, hitherto adopted, into such as are transparent and 
polarize the reflected ray rectilinearly, and such as are metallic and 
opaque, and present elliptical polarization, should no longer be 
retained, the case of elliptical polarization being the general one. If 
reflecting substances be arranged in the sequence of their coefficients 
of refraction, the elliptical polarization of the reflected ray, as we 
gradually proceed to the less and less powerfully refracting media, 
diminishes more and more, until at last we arrive at the point of 
rectilinear polarization, to which FresnePs theory applies. Thus, 
the angle of maximum polarization, scarcely perceptible in the 
case of silver, becomes more and more distinct, and the difference of 
phase of the two vibrations which are perpendicular to one another, 
varies from w to 2 9r between boundaries of which one is below, the 
other beyond the angle of polarization. These boundaries, which 
in metallic substandSs are coincident with the tangential and perpen- 
dicular incidences, approach one another, ipclude in glass an angle 
of from 4^ to 5^ only, and, lastly, meet in the angle of polarization. 
But few bodies present the quality of polarizing light completely and 
in a straight Hue ; it occurs in those whose refractive .power is 
nearly equal to 1*4, and it is to them only that Fresnels formulse 
are stric% applicable. — On examining substances with a still lower 
refractive power, elliptical polarization again presents itself, with 
the difference, that we now find a retardation of the vibrations which 

I 

^ (1) Compt. Bend. XXVll, 147. 
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fall perpendicularly upon the plane of inoideu(Sii as compared with those 
that lie in the plane of incidence ; the reverse of what occurs ixi more 
powerfully refracting substances, Jamin terms the latter positive, 
the former negative substances. — On account of the slight suscepti- 
bility of the eye^ the angle of polarization may^ even if the polariza^ 
tion is not absolutely complete^ be confounded with the principal 

3 ^ 

incidence^ of which the difference of phase = ( — ^ — ) and the 


measurement of which is attainable with extreme accuracy. Br ewst er^s 
law^ according to which the tangent of the tmgle of polarization is 
equal to the ratio of refraction^ may be retained numerically for the 
principal incidence. — ^The two constants of reflection of metals^ namely 
the principal incidence and the ratio of the amplitudes of the two 
components belonging to the ray which is reflected in the angle of 
polarization^ and also the azimuth of the reflected ray^ must now be 
retained for transparent substances also^ however smaU the value may 
be^ which the latter constant generally assumes in this case. JTamin 
notices that the formulse of Cauchy^ which included^ in addition to 
the ratio of refraction^ the coefficient of ellipticity^ have been 
retained by the author in their generality^ for those substances 
only of which the diamond is the t 3 rpe ; as regards other bodies^ they 
have been limited^ in accordance with the observations which have 
pointed out elliptical reflection as a special case only. These formuhe 
now reassume their universal value. 

J amin(l) gives an indication of his method when he states that he 
reflected polarized solar light from transparent substances^ and, after 
conducting it through two quartz prisms of the same angle, placed 
crosswise, analysed it with a NichoPs prism. The dislocation of the 
parallel fringes invariably indicated a difference of phase existing 
between the rectangular components. 

Metaiiie Reflectioii. — The laws of metallic reflection have been 
subjected to a new investigation by Jamin(2), with the aid of more 
accurate methods. The numerical results accord to an extent 
hitherto unknown in this kind of research with the formulse of 
Neumann, to whom, however, Jamin does not at all allude^ as 
well as with those obtained by Cauchy, (page 180). 

For the purpose of measuring, (under different angles of incidence,) 
the intensities of the rays polarized in the azimuths 0^ and 90^, 
J amin made use of a flat mirror, composed half of metal and half 


(1) Compt. Rend. XXYI, 383^ Instit. 1848, 93; Pogg. Ann. LXXIV, 248, 

(2) Ann. Ch. Phys. [3] XIX, 298 ; Pogg. Ann. Ergiinz, Bd. 11, 437. 
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of in such a mann^ that the two plates joined in a straight 
line so as to form one plane. The polarised rays were reflected at the 
boundary line, and then received on a doubly refracting prism. Let 
/S and /S' be the ashnuths of the principal section of the prism, for which 
the ordinary image of the mettd equals in intensity the extraordin^ 
one of the ^ass, and the ordinary one of the ^ass the extraordinary one 
of the metal, then we obtain, upon the basis of the well-known formulte 
of Tresnel for the asimuth of polarisation O'* : 


J* = tan.* /8 


. sin* (i— r) 
sin* (i+r) 


— cot.* /S' 


sin* (i — ^r) 
sin* (i+r)’ 


and for the azimuth 90* : 


I* = tan.* /8 


tan.* (i — ^r) 
tan.® (i-f r) 


= cot.* /S' 


tan.* (i — ^r) 
tan.* (i+r) ’ 


as the light is all but extinguished on the glass plate in the vicimty 
of the angle of polarization, we here meet with a gap of a few 
degrees. As it is necessary to be acquamted with the coefficient of 
refraction of glass for the calculation of J* and 1*, Jamin deter- 
mined its value by measuring the « i nnintli A' of a reflected ray, 

coincident with the azimuth As tan. A' = and conse- 

4 cos (i — r)’ 

qaentlytan.r=tan.^^ — we may employ varioiu incidences and 

tan. i ■' , '' 

adopt the average value. — ^A Carcel lamp, the flame of which was 
placed in the focus of a lens, afforded the lununous source ; a plate 
of red glass rendered the light homogeneous. Experunents tnntlp. 
with steel plates and speculum-metal, afforded remarkably concordant 
results with the formulae of Cauchy, which we have already given. 

As the difference of phase which increases with the mnidanPA 

0® to QC*, from 0 to is j for the maximum polarization, two reflec- 
tions from the same metal yidd, under the principal incidence, the re- 
tardation g, so that we recover rectilinearly polarized light; for the 

condition of the restitution of the rectilinear vibration*is known to be, 
that the retardation of one of the two rectangular components is equal to 

“ reflections from parallel mirrors, if will be 

necessary to sel^ one angle of incidence larger, and one amnllpr 
than that of the principal incidence; viz. those which in one reflection 
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X X * Ifctollic 

yield differences of phase g and g, so that after the last reflectioie 

we obtain ^ • g | and 8 . g = X as the difference of phase, 

and, consequently, rectilinear polarization. In shorty when we have m 
reflections, there are m — 1 incidences of the restored polarization, 
and it is evident that, by observing them while the number of 
reflections is gradually increased, we are enabled to ascertain experi- 
mentally in what manner the difference of phase changes with 
the incidences. Two parallel metallic plates, whose relative position 
could be adjusted by a screw, served as reflectors ; it was ascertained 
at what incidence a NichoPs prism exhibited a minimum intensity, 
which was at the same time made more apparent by the transition of 
colour from dark blue to dark purple, the azimuth of the incident 
ray being optioijaal. — Cauchy gives us for the calculation of the 
difference of phase, the term tan. t = tan.^ 2 ii» . sin u, in which 

tan. «= y u and U retaining the same value they have in the 

preceding formulae. Experiments made with silver, steel, and zinc, 
afforded results agreeing satisfactorily with calculation. 

An easy calculation suffices to prove the following properties of 
the elliptical vibration which a polarized ray assumes, when incident 
under the azimuth a; they are properties which in part relate to the 
manner in which the elliptically polarized ray is affected by a doubly 
refracting prism. 1. If the principal section of a doubly refracting 
prism is parallel to the axis of an ellipse, one image has Ihe greatest, 
the other, the least intensity j 2. The magnitude of the vibration in 
the direction of the axis is proportional to the square of its length ; 

8. Every elliptical vibration may be decomposed into two rays 
polarized in the direction of the two axes, of intensities propor- 
tional to the squares of the axes, and of a difference of phase 

^ ; 4. The two images are equal if the principal section bisects 

the angle of both axes. Jam in has ascertained the position of the 
axes by means of the last theorems, as the position of the principal 
section, corresponding to equal images, having been ascertained, it 
was merely rdQfuisite to enlarge or diminish the azimuth by 46^. 

The measurements, which were undertaken for incidences of 80^ to 
86^ speculum-metal and red homogeneous light being used, agreed 
perfectly with the result of the calculation made by means of the for- 

J . . 

mulsB, tan. 2 &>=tan. 2 a cos tan. a=s ^ which a represents 
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^6 azimuth of the incident l*ayf and « the azimuth of the axes of 
^edlipse.— Incidentally to this investigation^ J amin also determined 

the ratio ^ of the intensities of the rays reflected under the principal 


azimuths. If both images are assumed to be equals we obtain for the 
azimuth tJ the equation of condition cos i tan, Z la ^ — cot. 2 a ; 

and by substituting for cotan. 2 aits value^ and by assuming j = m^ 


2 cot. 2 tan. 2 «' = : m cot. a. 

m cot a 

If the principal section be brought into the plane of reflection the 
result is : 

ss 0^ and — j = 0 — 

HencCj the principal section of the analysing prilin being in the 
plane of reflexion, it is only necessary, for various incidences, to 
measure the azimuth of the incident light at which the images 
become equal. Experiments made with speculum-metal, with 
incidences of from 30" to 86", closely agreed with the results of 
calculation. 

The remarks made by Jamin upon multiple reflections, and par- 
ticularly on the position and absolute magnitude of the azimuth of 
the reflected ray, the azimuth a of the incident ray being given, 
contain nothing that is not well known; his measurements made 
upon a plate of copper accord sufficiently with the results of calcu- 
lation, — His observations on the reflections from mirrors inclined to 
one another, are also a mere recapitulation of the formulae of 
Neumann and of Brewster^s experiments. 

Colour of Meuas. — Jamin(l) has measured the two constants of 
metallic reflection for silver, bell-metal, stpel, zinc, speculum-metal, 
copper, and brass, by placing, in each case, two plates, parallel to one 
another, upon a horizontal graduated circle, and allowing successively 
the various prismatic rays to fall upon them after traversing a 
Nicholas prism, which determined the azimuth of polarization. 
The azimuth, afto reflection, was observed by means of a doubly 
refracting prism, moveable upon the circle. Th% incidences of 
restored polarization diminish for all metals from the red towards 
the violet, inversely as the angles of polarization for transparent 


(l) Add. Ch. Phys. [3] XXII, 311; Pogg. Abn. LXXIV, 528 ; Instit. 1848, 38; 
C«mipt.Reiid. XXV, ; XXVl; 83, 
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substances^ which increase with the refrangibiliiy of the ray. 
regards silver^ copper^ brass, and bell-metal, the azimuths diminish 
from the red towards the violet ; for silver, 0^*6', for bell-metal, 

There is a second class of metals, among wUch are zinc and steel, 
which exhibit a converse deportment. In qpeculum-metal the azi- 
muths diminish from the red towards the green, and again increase 
towards the violet. — ^By means of the measured constants theantensity 
of the reflected rays may be easily calculated, according to the 
formulse of Cauchy, which we have communicated above, and the 
correctness of which has been proved by numerous experiments. 

The following are the main results of these formulm : 1. All well 
polished metals are completely white when the incident ray is merely 
tangent ; 2. When illuminated by light, polarized in the plane of 
incidence, they present a peculiar, very pale light, in which white 
predominates ; 3 . When illuminated by light, polarized at right 
angles to the plane of incidence, they present a more vivid colour 
with less white ; 4. Perpendicular incidence leaves the peculiar colour 
unchanged; the azimuth naturally has no influence. Cauchy^s 
foimulse for the last case, J being the intensity, i the incidence of 
restored polarization, are : 

( cos i \ 
arc . tan. = r 

a being the initial azimuth, and x', x", x'", the azimuths of the ray 
that is polarized, and then rectilinearly polarized after 2, 4, 6, and 
more reflections, we obtain ; 

tan. x' tan^ A • tan. a ; tan. x^' = tan.^ A . tan. a ; tan. x" = 
tan.® A . tan. a 

and this afibrds the value of the angle A. 

By this method, J amin calculated the intensities of the principal rays 
after 1 and 10 reflections, and subsequently according to Newton^s 
law of colours, (Biotas Physics, t. III. p. 445,) the colour of the 
metal. Let U be, according to the usutd denomination, the angle 
which the calculated colour of each metal forms with the commence^ 
ment of the red, A and 1 — A, denoting in the reflected ray the 
relations of this colour and of the white light ; we may then form the 
following table v 
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MSTALS 09 TBXi VlftST 



After one reflection. 

Ate ten rdleetioiis. 


U. 

A 

l*--A 

U. 

A 

< 

1 

WH 

Copper 

69*56' 

0*113 

0*887 

43*29' 

0*812 

0*188 

Bdl-metsl. 

Orange, verr red. 
83® ly 

0*065 

0-936 

Sod. 

40*40' 

0*767 

0*233 

Brass . . 

OwuMpBj yellow* 



Red. 



108* IS' 

0*118 

0*888 

62*60' 

0*349 

0*650 

Silver . . 

Yellow. 



Orange, very red. 



89*0' 

0-013 

0*987 

84* 32' 

0*124 

0*876 


Orange, very yellow. 



Orange, yellow. 




Zinc 
steel . 


MBTAL8 OF THB SECOND SERIES. 


180® 67' 

0*021 

0*979 

264* 68' 

0*188 

Blue. 



Indigo blue. 


74* 33' 

0*017 

0*983 

—22*50' 

0*089 

Orange, red. 



Violet. 



8PSCULUM-1CBTAI.. 

I 670 25^ I 0*028 1 0*972 1 530 59' | 0*2921 0*708 

I Orange, very red. | | | Red, orange. | | 

These resnlts ore fully confinned by experiment, if we remember 
. that many of the colours mentioned are almost entirely concealed by 
strong . admixtures of white. Of all the metals copper is subject 
to the most remarkable changes of colour when the. reflections are 
multiplied. In a single reflection it is ptde and scarcely perceptible, 
whereas after 10 reflections, the colour attfjjns :a ren^kable lustre, 
and a . pure purple red. This is almost homogeneous, or undecom- 
posable by the prism. Of all the metals exaJpoined, steel is the only ' 
one which remains chiefly white, ev0a whm multiple reflections are 
employed. 

vefleetioii ef Xili|rM tnm opas^,. ■suame csys tsas i- T he reflection 
from transpar^t crystallised media, osiunined by Brewster and 
by Seebeck, has bemi theoretically estab]^hed 'by Mac Cullagh and 
by Neumann. . This kind of reflection is: char^ by the fact, 
that the.. <^ange8 occurring rotmd the iwme . point are not uniform. 
The yibnttimis which are parallel ,imd at right wgles to the plane of 
incidence, retain their- dimetipn after tefledlon. in a few well defined 
cases mily; generally..;, we find that each nf ti^/ribrations yields a 
ptn^: pnd perpendlei^ <»mpdneDt« f components, however, 
in\mm^y ^ye phasial differenom of .mnltipiea of half the circum- 
ferenoe,()£ the circle only;' the polarnption therefore, remains recti- 
linear, ^^easimnth depends. #ppn.,^e lelation of the amplitudes 
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of the parallel andperpendicularcomponent in the reflected ray. — ^ThiSj^ 
unknown element does not, however, depend solely upon Ihe angle 
of incidence, but upon the relative position the plane of incidence 
to the axis of the crystal; and consequently it is altered if the 
reflecting surface revolve in its own plane.-<*When we have found two 
positions in which the vibrations of the reflected components remain 
parallel to those of the incident ray, we find that a varying ratio of 
amplitudes corresponds to the same angle of incidence, and vufe verlBa; 
this ratio passes through zero for certain angles of incidence, (the angle 
of complete polanzation.) For a perpendicular incidence the azimuth 
of polarization generally does not remain unchanged, as is the case 
in homogeneous media*' On the other hand, the two amplitudes are 
reduced in a similar ratio, and the azimuth of polarization remains 
unchanged for certain oblique' incidences, and for certain peculiar 
directions of the j)lane of incidence only. — ^To render the examination 
of all possible phenomena of reflection complete, the investigation 
of reflection from opaque crystallized media was still wanting ; this 
has been supplied by Senarmont(l), by means of a very inge- 
niously constructed apparatus. This inquirer proceeded upon the 
assumption, subsequently confirmed by the investigation, that these 
bodies would present the peculiarities of crystalline reflection, com- 
plicated, however, by the character of metallic reflection, t. e. by 
the variable phasial difference of the two components. — His apparatus 
consists of a graduated circle, (placed vertically,) to which two move- 
able tubes of 20^"* in length are attached ; these may be so adjusted 
that the zero-line of division bisects the angle of their axes. A 
support, moveable round a vertical axis, is fixed in such a position 
that the reflecting surface fixed above the axis, is placed in the centre 
of the divided circle and perpendicularly to it, and so that it moves 
in its own plane when the support revolves. A vessel may be 
attached in such a manner that the reflection is efiected^in the 
interior of a fluid. — ^The two tubes, their inferior openings being 
closed by parallel pieces of plate glass, vertical to their axes, dip 
into the fluid. The light of a Carcel-lamp is, in one tube, thrown 
upon a Nicholas prism, which determines the azimuth of the 
incident ray, and then passes through a plate, the two halves 
of which consist of pieces of quartz of equal thickness, cut per- 
pendicularly to the axis of the crystal. After reflection the ray 
Ms upon a doubly refracting prism, the azimuth of which, as 
well as that of the first prism, may be read off from graduated 


(1) Ann. Cll^m. Phys. [3] XX, 397 ; P<>ga. Ann. Ergknz. Bd. II, 513. 
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isircles.— The expression for the changes effected in the light is 
obtained by decomposing the polarized ray 2 sin ^ t into two cir- 


cular vibrations of opposite revolution^ then giving one of the two 
systems a relative retardation decomposing both of them in planes 
parallel and at right angles to that of incidence, assuming the diminu- 
tion of the amplitudes equal to h and k, and the phasial difference to fj), 
and lastly by decomposing the vibrations of the reflected ray, in a 
direction perpendicular and paraUel to the principal section of the ana- 
lysing prism, or in other words, into the ordinary and extraordinary 
spectrum^ The vibrations belonging to both spectra may then, if we 
term the azimuth of the incident ray ut, and the angle formed by 
the principal section of the analysing prism with the plane of inci- 
dence a, be calculated according to the formulse : 


Osshsinacos ^ sin t 

Hohcosacos^l + sin (| + ^ +^t 


J — k cos a sin 
^ + k sin a sin 




now if we take tan. a = -r-tan. a and tan. a' = — cot. a, and re- 

k k 

dace the values accordingly, we shall find the intensities of the 
ordinary and extraordinary image to be proportional, thus : 


Ois=i(hS sm* a+ k^ cos* a) 


{ 


1 — cos^ (cos2aco8 2 w'f sin2asin2ci»cos0) 

4* 8indcos2acos2w (tan. 2 w —cos 0 tan. 2 a) 


Ei=(h* COB* a+ k* tin* 


•>{ 


1 — cos ^ (gob 2 a' COS 2 w 4- sin 2 k' sin 2 a» cos^ 
4’8in^co8 2«^coB2fi» (tan. 2 — cos ^ tan. 2(/ 


} 


( 1 ) 


The same formulse serve to represent the intensities of 0 and E in 
quartz, with contrary revolution, if the sign of ^ be changed. 

These formula serve to demonstrate the possibility of studying 
qualitatively and even quantitatively all those points which are 
of interest in the reflexion of lig^i and for which the means hitherto 
at our disposal had not always smee^. It maybe done by observing 
certain conditions of theduminous field which are easily recognised, 
as, for instance, the isochromatic state of both segments in one 
image, or in both at the same lime, with complementary colours, 
or with identical colours and complementary intensity, or finally 
with identic^ colours and equal Intensity in the ordinary and extraor- 
^nary image. Such points are the retardation of one of the two com- 
ponents of a determined magnitude, e. g. ot^ ot\ wave-length ; angles 
of incidence for which bo& amplitudes are uniformly reduced, the 
existence of an angle of complete polarization; finally, the amount 
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* Jj, ^ SellMtlOD 

of the differences of phases and of the term -r for any incidence. It 

qii«k me- 

iDust be observed, however, that in all these cases, k and h were **^*JJjJ7*‘ 
introduced on the supposition that the vibrations, which are 
parallel and perpendicular to the plane of incidence, retain their 
directions, a case which occurs if the plane of incidence coincides 
with one of the principal sections of FresnePs plane of elaiiticity. 

The two segments of quartz in that case will exhibit the same colour, 
provided that the above terms of intesmty are independent of the sign 
of The conditions are : 

tan.Sitf — cos^tan«2a = 0; tan*2 o>*-^cos0 • tan*2a' = 0 (2)* 

If the same azimuth nj is to give Both images uniformly, we have 

cos 0 (tan. 2 a tan. 2 a') =0 and this condition is fulfilled if ^ =s 

when Id = 0® o%= 90®. 

If, under these conditions, we assume for the analyzer tan. a = 0 
or = 00 , the intensities are h* (1 — cos ^), and k® (1 + cos ^), or, 
in other words, the colours are, with the exception of their inten- 
sities, complementary. On the other hand, if we suppose tan. a=l, 
we have cos 2 a 2 cos a', and both images have the same inten- 
sity and colour. — ^To allow the azimuth id to retain any value what- 
ever when cos ^ = 0, we should have a = a = 45® or 135®, which 
is an impossibility. In this case it is possible to conform to one 
of the equations (2) only, or if we take an azimuth at random 
for the incident ray, one only of the two images can be uniformly 
coloured. If, for instance, we assume a = 45®' or 185®, we have 

^ .L. k 

tan. a = +. p 

and the intensities, 

^ 2h»k* h* + kS, 

FTP FTP ~ ® 

the ordinary image becomes colourless, the other remaining coloured; 

k • * 

the reverse occurs when cot avs The condition expressed in 

' ^ • 

C 08 ^ (tan. 2 a — tan. 2 &= 0^ is also fulfilled when tan. 2 a stan. 2 a'/ 

i. e. when a of, or whmi a = * + a', whidi formnlm lead 

to l^e equations: tan. a. tan. it' + 1 ==0, andtan.a — taa.a' ss O; 

now, as we have ^enfly 

tan. atan. a'+ ^ = 0, ffiad tan. a — tan. a' =s 



142 


PHYSICS AND niYSlOAL CHEMISTRY. 


abope (sonditioiM can only be fiilfilled when b = k, in which case 
^ the two images' are always complementary ; or when h = 0, in 
<w^ewi> which case we ptesiiqppose &e existmice of an angle of complete 
polaruation,theinten8i^hemg8ii^a(l'-^eo8^8ndooB*a(l — cos2), 
whmi the pictures, therefore, present the same colour and comple- 
mmktaiy inten^.>-> If the s^yser be jilaeed so that the ordinary 
imagehasaniiifoimoolour, wehavetan. 2aeos<^ — tan.2A*, and the 


two Tslnes ft and ^ ^ satisfy this equation, yield two posi' 

tiions of the analyser : 

^tan. a s tan* a; ^ tan. a' = tan. ^ 

and hence we deduce : 

h* sin (a + a') 

^ = — cot a cot a : cos 6 s tan.2w. y . jk ■ -. 
k* -r — smlra . sinaa 


Consequently, if we fix the azimnth of the incident ray, and measure 
the two conjugate azimuths a and a' of the analyzer, which, e.g. 
render *the ordinary image of uniform colour, it is possible to 
calculate for any incidence, the phasial difference as well as 
the relation of the amplitudinal diminution. Moreover, we obtain 
by the fiormuhe (1), which have already proved so serviaeable in 
interpreting t|te phenomena presented by the ai^[Ahitus above 
described, the met^ of recognizing whether a change of signs has 
taken place in cos ^ ; in &ct, whether ^ has passed through 90° or 
270°, which may occur either by gradual progression, as is the case 
in and highfy refractive or opaque metallic crystals, or sud- 

denly ^.440), as inihomogeneous media. Let the first formula (1) 
be differratiated m reference to a, and m be eliminated by means of 
the equation tan. 2 w = cos ^ tan. 2 a, and a a = 0° or = 90°, 
which is identical with a reduction of, tjie ccdinaiy image to uni- 
formity, and with placing the j;»vinc^]^ section of the analyser, 
paralld or per^dicular to the ef ijQcidence,— then we get 

= — 2hk,sitt^ . cosp. 

It is necessary, aceordiDg as b and k arc of the same or contrary 
signi^ or, if these magnitudes be loflked,npoQ Only as absolute values, 
according, to the dnomsmdion of^eoe p, to rotate the analyser 
to^(W item tim stated poilitl(Eb il it be intended to 
pjc^nOB tiiet.same change of Mlonri,w-J^ this means we are, for 
instanOe, mabled satisfretorify to detnmine by mere inspection, that 
the dUfrience of phase between ■thC' emnponent rectangular vibrations. 
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when their flection takes place from opaque homogeneous media^ is 
18(P^ calculating flrom the perpendicular incidence to the angleof com- ^p*- 
plete polarisation^ and 360^ from this angle to the tangential incidence; 

^ at the same time assuming the value 0 ^ 1 at the three boundary 

points respectively, as required by Fresnel's formulse. The an^e 
of complete polarization may^ as we previously remarked, be as- 
certained by means of the apparatus, by the condition, that O 
and E present at the same^ moment, the same colours for all 
azimuths of the analyser. Senarmont ascertained the angle of 
polarization to be for water = 53^ 6 ', for fluor spar = 3 : 56^ 1 ^, for 
refined oil of beechnuts ss 55^ 43'.~>In metals, the phasial difference 
of the two rectangular components is 180^, ibr perpendicular incidence ; 
at the maximum polarization, it passes through 270^, and increases to 

360^ for tangential incidence. The corresponding values of ^ 

are 1 , minimum, 1 . Senarmont found the angle of polarization 
in various specimens of galena to Vary from 76® 13' to 76® 22', for 
steel 76® 27', for mint-alloy 73® 33'.-— Transparent, highly refracting 
bodies, to a certain extent (pp. 132 and 133) form a connecting link 
between homogeneous transparent and metdlic media, the amplitude 
of the vibration in the plane of incid^ce passing through a very 
small minimum value, near to which > the diffe|rence of phase 
passes very rapidly from 180® through 270®^ $602; l^e azi- 
muth of the incident ray, or of the analyzer being zero, we find 
that blende, or sulphide of arsenic, present the ordinary image 
of a pale, though distinct green, and the extraordinary one of a vivid 
rose-colour; a slight revolution of the analyzer causes the former to 
pass into a pale and almost cdourless tint, which is immediately 
followed by rose-colour. 

As regards the transpar^t, doubly refracting substances, which 
have been already very fuDy discussed, Senarmont has confined 
himself to the examination of two cases, which Seebeck appears to 
have neglected; he determined the oblique incidences in which ^ 
the two components are reduced in equal ratios, sd that the azi-« 
muth of the incident ray remains unchanged; and he also ascer- 
tained the mutation of the azimuth in perpendicular incidence. Both 
phenomena occur also in opsque metallic crystals ; the second is even 
exempt from the ccunpli^ion which arises from elliptkal polanaa* 
tion. — We do not obtain equal amplitudes of the component vibra- 
tions in the .reflected ray for any incidence, .when the plane of 
incidence is parallel with the principal section; it waS| Aerefere, 
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placed at right angles to the latter^ and and a being assumed at 
46®, the crystal was successively immersed in air, water, and refined 
oil of beechnuts (n = 1'470). The values of the amplitudes are 
calculated according to the formulae of Neumann (1) : 


Inclination of the 
reflected surface 
to the axis. 

-dbserved 

incidences. 

Calculated values. 


I. 

J. 

45* 23' 

16» 0(r 

— 0-262 

+ 0*246 

in air. 

0 7 

23® 47' 

— 0*2188 

+ 0*2190 


46® 2Zf 

26 15 . 

— ©•1718 . 

+ 0*1704 

in water. 

0 7' 

33 0 

— 0*071 

+ 0*1072 



75 59 

0*551 

— 0*543 


. 45® 23' 

36 16 

— 0*0653 

+ 0*0656 

in oil. 

0 7 

>45 0 

— 00087 

+ 0*011 



61 7 

— 0*0109 

— 0*011 



In order to examine the second phenomenon, Senarmont directed 
light, polarized externally to the plane of incidence, in an angle 
difiering from that of polarization, upon a thin glass plate with 
parallel surfaces. The reflected portion falling on an horizontal 
mirror, returned upon itself, so as again to impinge upon the plate 
of glass^ passing through which it at length reached the analyzer, 
a doubly ^reflec^g pris^fi^ contrivance strongly resembles Nor- 
renberg’s 'polaria^jig ap]jf^us. Let n and m be the diminutions 
of the amplitudes for the vibrations that are parallel and perpendicular 
to the plaae^ of incidence of the glass plate, in so far as they are 
produced by rel^efction from the plate, and by fourfold refraction by 
this .and the liquid surface ; let h and k be the coefficients of the 
reductisn sqfibred by the vibrations, which are parallel and at right 
angles to* the principal section of the crystal, — ^we find that if the 
princip^ section coincides with the plane of incidence of the glass 
plate, t}^e^ vibrations reach the analyzer with the amplitudes 
n h cos w and m k sin oi, and if the principal section is at right 
angles to the plane of incidence, th^* amplitudes are n k cos w 
and m h sin ft/!! If we torm the azimuths of 'the emergent ray a 
and a^ we have* 

. * mh/'*. /^nih. jh® tan. a' 

tan«a= s* tan. tan. a ^ — r tan, w and rT= i — • 

* nh, ^ . nk k^ tan. a 

According to f reshePs theory, a vibration with perpendicular inci- 


(1) la the MepAOirs of the Berlin Aeedemy for 1835 ; Journ. de Math, de Mr. Liou- 
vaie. 
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dence sufifers by reflection a reduction of I representing the 

velocity of propagation in both media. In calcareous spar this rdtio 
is for the vibration^ perpendicular to the principal section^ m 

for the parallel one where /i = 


,i.h u — 1 m + 1 

so that j- =t-— — . 

k fi + I m — 1 

vation was : 


^ m* cos® X + m'*^in^ A 
For a = 45^ the result of the obser- 


Inclination of the 
reflecting surface 
to the axis. 

Vfflues 

of a'. 

Values of 

k • 


disserved. 

Calculated. 

QO 7/ 

31" 42' 

0-7859 

0-7894 

in air. 

450 23' 

38 32 

0-8924 

0-8902 


0 7 

13 42 

0-4937 

• 0-4902 

in water. 

43 23 

28 18 

0-7329 

0-7355 

;’v- •• '-v . 

0 7 

0° 26 

0-08697 

0-0752 

1 t ' • 

45 23 

0 3 

0-02954 

0-05184 


The last observations alone differ perceptibly from, the th^asti^fal 
results, as the measured angles are the errors of observa- 
tion consequently exert too extensive an influence, ' , . 

Senarmont found, that, of the opaque metallic cjrystals,* tersulphide 
of antimony was the best adapted for his investigation. It crystal- 
lizes in right rhombic prisms, the plane of cleavage bisecting the angle 
of the optic axes, and containing the axis perpendicular to it. If the 
cleavage-surface be adjusted in such a manner that it may be rotated 
in its plane, both images simultaneously assume an uniform colour, 
under an incidence of 78^ 80", when the plane of incidentse is paral- 
lel to the axis of the crystal, and under an incidence of 76° 40" when 
perpendicular; this correspondsi in every case, to the difference of 

phase, 0 = ~ , If in either of these two positions, and under any 

incidence, one of the images has its ^halves . rendered uniform, 
the tints of colour of the halves diverge as soon as the mirror 
is turned ; the contrast attains a maximum when the pl^e of incidence 
has assumed an opposite position to the crystalline axis.-T-Whenever 
the ordinary image is reduced to uniformity, the two segments of E 
appear in colours, the' contrast of which at first increases as the 

VOL. I, L 
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incidence diminishes^ but^ finally^ again becomes less. At an angle 
of 18® 30', the two images become uniform and complementary, 
the plane of incidence being parallel to the axis. In that case 
h^ 

we have p = 1, If the incidence diminishes still farther, the 


images cease to be uniform at the same time, whatever may be the 
position of the crystalline axis. In this manner all the characters of 
crystalline reflection are obtained in the most perspicuous manner, 
and Senarmont has not neglected to add many numerical determina- 
tions(I). — ^The perpendicular reflection from tersulphide of antimony, 
presents the same peculiarities as those of calc-spar ; the double refrac- 
tion, however, appears to be less powerful, and we meet with a weak, 
but distinct dispersion of colour. — The two positions of the plane 
of incidence, of which wc have hitherto spoken, coincide with 
two principal sections of Fresnel’s plane of elasticity. If the axis 
of the crystal be inclined obliquely to the plane of incidence, neithei^ 
of the two images vanishes if the double quartz prism be removed, 
and the principal sections of the Nicholas prism and the analyzer 
be placed parallel, or at right angles to, the plane of incidence ; 
a deportment which indicates a deviation of the plane of polarization. 
In order to ascertain whether the ray is elliptically polarized, the 
reflected ray has to be analysed by means of a plate of calc-spar 
(placed perpendicularly to the axis) and of a tourmaline ; wc then 
observe a displacement, though slight, of the black cross and of the 
rings, yet only when the incident vibration is parallel to the plane 
of incidence, or when the incidence is not less than from 75® to 
80®. — ^Thus we have, in opaque crystals, a combination of the 
character^ of metallic and crystalline reflection ; the fact of double 
refraction taking place in opaque bodies has been satisfactorily 
proved by the above researches, and a gap, previously existing in the 
experimental confirmation of the undulatory theory, has thus been 
very happily filled up. 

Depolarization of Liaiit. — ^Dove(2) remarks, that when light is 
thrown perpendicularly upon a rough surface, such as a white wall, 
it is uniformly dispersed and reflected ; whereas the light thrown back 
by the surface of a mirror externally to the plane of incidence, i. c. the 
dispersed light is polarized in the plane in which it is observed. If a 
varnished oil painting is viewed with a Nicholas prism, the glare 
disappears. To confirm the view that natural light does not consist 


(1) Ann. Ch. Phys. [3] XX, 436 ; Pogg. Ann. Erganz.-Bd. II, 552. 

(2) Bert. Acad. Ber. 1847, 75 ; Pogg. Ann. LXXI, 115; PhB. Mag. [3] XXX, 469. 
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of two components^ polarized vertically to one another^ but of 
vibrations perpendicular to the ray in every possible direction^ Dove 
ground a conical aperture into a thidb plate of glass^ and directed 
sun-rays through an annular openings perpendicularly upon the larger 
base of the truncated cone ; at the ground lateral surface^ the angle 
of the apex of the cone being 70° 60', they were polarized in every 
possible azimuth, and intersected one another after reflection in one 
point. This light exhibited the same deportment with a plate of 
mica and with an analyzer, as natural light would do. . 

Newton’S Binss. — Brucke(l) has attentively studied the order of 
colours in Newton^s rings; he closely examined the colours of thin 
plates of gypsum in the polarizing apparatus, under a very gradual 
increase of thickness. In the detailed description of the colours of 
the six first series, he gives some corrections of the Newtonian 
scale. 

Noblil’s Rinsrs. — ^Becquercl has given a good method for 
obtaining the coloured rings discovered by Nobili, which are formed 
by precipitation of metals on a metallic surface, placed as the one 
electrode vertically opposite to, and at a certain distance from, a 
metallic wire as the other. These, we are told by Becquerel, may 
be readily obtained in the following manner; a thii^yer of a solution 
of protoxide of lead in potassa is poured upon £^late of German 
silver, the free end of a very fine platinum wire according to 

Wollaston^s method in a glass tube, being Immersedi in the solution, 
and placed in communication with the negative, whilst" the disc is 
connected with the positive pole of a voltaic battery of from 8 to 10 
elements. — ^Beetz(2) finds, however, that electro-gilt plates of silver 
or platinum are better adapted for obtaining annular systems of 
great regularity. As the thickness of the metallic deposit diminishes 
from the centre towards the margin, the rings present the inverse 
arrangement of the Newtonian rings; in both cases, however, the 
same explanation serves. 

For the purpose o| estabUshing a more accurate theory of the 
phenomenon, E. Becquerel represents the diminution of the 
thickness of the metallic layer from the centre to the circumference 
A 

by the equation y = ^ r ■ A being a constant, m the distance 

between the apex of the pole and the disc, x the distance of the 
point under examination from the centre of the system of rings, 

(1) Pogg. Ann. LXXIV, 582. 

(2) ibid. LXXI, 71 ; Phil. Mag. [3] XXXIII, 7. 
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ai^d y the thickness of the metallic layer ; it is* based upon the 
law Ohm. — ^If m may be neglected with respect to x, the 

above equation is simplified and y == •^; !BecquereI states^ that 


twq series of obseiya^ns accorded with this assumption. Du 
Bois Ileymond(l) considers this accordance inexplicable^ the 
equation being based upon an erroneous theory. The cur- 
rents proceeding from every point of the pole expand conically 
towards thui plate; if this circumstance be introduced in the 
formula by the assistance of the higher branches of mathematics^ 
and still following the law of Ohm^ we obtain the equation: 


y = — . - r-7;v.i-:;=„ o bcing tho radius of the wire used 

(x® + m^) ( vj? 4- m* — p) 

as the pole. If we may neglect p and m in relation to n^ we obtain 



so that the thicknesses of the deposit stand to one another 


in the inverse proportions^ not of the first powers, but of the cubes of 
the dirtance from the centre. Beetz undertook to verify this 
equktioti experimentally by measuring the radii of the dark and 
light rings (in the second series) when under monochromatic illumi- 
nation by the portions of the spectrum which correspond to the 
lines B, D, £ smd F. The concordance was extremely satisfactory, 
whereas withBecquerePs equation there are cpnsiderable discrepan- 
cies. — As according to the measurements Of Beetz, the refracting 
index of binoxide of lead is 1*964, or less than that of gold, the 
even products of the cubes of the radii in the case of the dark rings, 
and the uneven products in that of the light rings, should yield nearly 
constant values. This, too, was sufficiently confinhed with the 
exception of the two external rings, which on the boundary line of 
the plate were necessarily presented too small, fmin the charge being 
niore powerful in the centre ; and this error was' moreover increased 
by the ne^ct of m. 

Phenomena of thin Plates In Polarized Uariiil^’We abstain from 
analysing a trektise of Brew8ter(2), on the phenomena exhibited 
by thin plates in polarized Hght communici^ed in the Phil. Mag. 
of 1848 ; investigation^, ori^iffij^ in the Philos. 

7Va9». of 1841, having appeared in btbur j6urn^S{S) previou^^ to 
the period which this report embraces, we Umit ourselves to an out- 


(1) Pogg. Ann. LXXt, 71 ; PWL Mag. taj'XXXIHi 7. 

(2) Phil. Mag. [3] XXXII. 181. 

(3) Pogg. Ann. LVIII, 453, 549. 
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line of the chief results. If two polarized pencils of lights which are 
reflected from the surfaces of a thin plate lying upon a reflecting 
surface of another refractive power, interfere with one another, "we 
do not lose half an undulation, or we obtain rings with a white 
centre, provided the mutual inclination of the plane of polarization 
be more than 90^. ‘ If this inclination be less than 90^ half an 
undulation is lost, and rings are formed with a black centre ; lastly, 
if the inclination be exactly 90^ there is no interference of the pen- 
cils, and no rings are prbduced. 

Theory of the Black Spot In the Centre of Newton’s Blnas. — 

O. Stokes(l) has studied the theory of the black spot in the ceutre 
of Newton^ s rings. His formulse of intensity for the reflected light, 
prove, in addition to the results with which we are acquainted, that 
when the angle of incidence lies between the angle of total reflection, 
and another value represented by a simple term, the spot is larger in 
light polarized perpendicularly to the plane of incidence, than in light 
polarized in this plane. This result is confirmed by observation. 

Iridescent Silver. — ^Brewster discovered, in 1829, that the irides- 
cence observed in mother-of-pearl may be transferred to lead, tin, 
and fusible alloy, by a mere impression of the surface. As the 
appearance is transitory, on account of the Qxidizable nature of 
these substances, Brocklesby(2) has proposed to transfer it to 
silver by galvanism, by introducing the fusible alloy after refrigera- 
tion into a solution of cyanide of silver as the negative pole .of a small 
battery. 

Iridescent Copper. — ^Dove(3), in reference to this point, com- 
municates the fact of his haying, as early as 1839, obtained galvano- 
plastic impressions of iridescent buttons in copper. 

Iridescent Surfaces of Minerals. — Hausmann(4) has given a 
synopsis of all the cases in which minerals present iridescent surfaces, 
and has reduced the phenomenon to its variotis causes. The 
phenomenon as in blue steel, always depends upon the formation of a 
superficial layer heterogeneous from the rest of the mineral, and 
which is penetrated by the light. Such an heterogeneous layer 
either consists of a deposited film of another mineral, such as 
hydrated sesquioxide of iron, (e. g. upon specular iron ore), or 
of manganese, or depends upon a chemical alteration of the mineral 


(1) Instit. 1848, 290. 

(2) Sil]. Am. J. [2] 1, 112 ; Fogg. Ann. LXX, 204. 

(3) Fogg. Ann. LXXI, 246. 

(4) InsUt. 1848, 150; SiU. Am. J. [2] YI, 254. 
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an( oxidation tirbich ill genoitily attended by an absorp- 
mineraii. tibli ^ ^ter^ bdng associated with, or independent of the elimination 
of Mother elem^t. 

Among the minerals altered by oxidation/ arsenic is distinguished 
by the rapid transition of the polished snrfcice to the iridescent 
condition * in vacuo, however, or in dry air, it remains unchanged 
for many years. Bismuth, tin-white cobalt (sumltine), bard cobalt 
ore, arsenical iron (mispickel), bright white cobalt (cobaltine), 
arsenical nickel (nickeline), galena, and magnetic iron ore, belong 
to the same class. Among the minerals which become iridescent 
by oxidation, combined with the elimination of an element, we find 
a series of sulphides, which are converted into oxides and hydrates, 
such as ordinary, radiated and magnetic iron pyrites, common and pur- 
ple copper pyrites (chalkosine and phillipsine). In the last mineral, 
the moisture of the atmosphere ^ves rise to the decomposition at the 
surface. The surfaces remain fresh, without a trace of iridescence, 
when exposed over sulphuric acid, under a glass bell ; whereas, they 
become coloured in two hours if water be placed under the bell. 
Again, grey-antimony (stibine, tersulphide of antimony), zinkenite, 
feathery-antimony, dark-red silver (argyrythrose, sulphides of anti- 
mony and silver)^ and fahl-ore (grey-copper), also belong to this 
class. Oxidation, with an elimination of water, is the cause of 
iridescence in manganese ; oxidation, with elimination of carbonic 
acid, in sph^^i^riderite (siderose)^ ironspar, inangauese-spar, magneso- 
calcite (bitter-spar), and magnesite. Iridescence is caused by the elimi- 
nation of hydrosulphuric acid in argyrose (sulphide of silver). In 
all cases in which iridescence depends upon oxidation, its production 
may be accelerated by raising the temperature; The changes of the 
surface are not always the same when Wbunring at high, and at 
the ordmary temperatures. In mimy minerals heat produces a 
vitrefaction of the superficial layev, as iit Ibpidomelane, ilvaite 
(lievrite), arfvedsonite, and gadoliuite. v^ Agam, ' there are other 
minerals which merely present iridescent scales bn the surface, such 
as ilvaite, thallite (epidote), the brown varieties of mica, and other 
silicates. * 

Meiaiuc Lustre of ciTsisiSk-^Haidinger(l) has contributed to the 
doctrine of the colours in crystalliUe bo&s, by an investigation of 
the metallic lustre which gives to many ^ crystals so splendid an 
appearance. This lustre proves, that not ody the colours of the 
transmitted, but also of the reflected light, are dependent upon the 

. (1) Pbgg. Ann. LXXI, 321. 



OPTICS. 


151 


position of the planes of crystals relatively to their axes. If we term 
the ordinary image of the ^chroscopic lens 0^ and the extraordinary 
one the results of the observations are as follows. 1. Flatiao- 
cyanide of potassium^ in light transmitted, perpendicularly to the axis, 
is pale sulphur-yellow, parallel to the axis, sky-blue. In reflected 
light, the plane of incidence being perpendicular to the axis, 0 with the 
lustre of glass, E without lustre; the plane of incidence being 
parallel to the axis, 0 shining and colourless, E with a blue lustre ; 
when reflected from the terminal surface, O and E equally blue. 
2. Platinocyanide of barium, in transmitted light : 0 of a pure 
yellow, E yellow, with an admixture of red and green. In reflected 
light, the plane of incidence perpendicular to the axis : O white, 
E colourless and lustrel^s; the plane of incidence parallel to the 
axis : 0 white, and E azure-blue. If the crystal be turned to the 
light, in such a manner that it is illuminated by one of its terminal 
surfaces, the edge formed by the latter and one lateral surface, appears 
with a rich green lustre, which, under the dichroscopic lens, passes 
entirely into the image O, whereas E presents the pure yellow 
transition-colour. These examples will suffice to exhibit Haidin- 
gor^s mode of observation. In addition to the salts which we have 
mentioned, he also examined platinocyanide of magnesium, which 
is carmine in transmitted, green, and blue in reflected light; mur- 
exide, which in transmitted light is dark-red, in reflected light, green 
with a gold lustre; hydrokinone, greenish-black with a greenish 
yellow metallic colour; oxalate of protoxide of platinum, which 
from an olive-green solution, is deposited with coppery red metallic 
lustre, and which also presents blue, brown and df^k-blue colours ; 
indigo, copper-red, gold-yellow, and brass-yeUow. Haidinger(l) in- 
terprets these phenomena by assuming an additional stratum of an 
ether of peculiar constitution, at the boundary plane of two optic me- 
dia ; the first plane of which gives a reflection of white light, and from it 
the double refraction and dispersion of colours, are also found to pro- 
ceed. A reflection of a portion of one coloured image results from the 
second plane : thus, for instance, it is the green colour of the extraor- 
dinary ray which is strongly reflected from the platinocyanide of 
magnesium. This explanation is perfectly arbitrary, as we know of 
no other optical phenomenon which warrants the assumption of a 
peculiar stratum of ether at the surface. 


(1) Pogg. Ann. LXX, 574. 
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Simple . 9|ai]^le Befruotlon of Uolit. Now NzpreMlon for tho Law of 
Boflmotioii. — ^Mixiding(l) •'has communicated an expression of 
SnelPs law of refraction^ which appears more adapted than the 
’forth? RRR many purposes# Two dioptric theorems^ the one by 

*f£cUo?‘ ®RpiR and JMalus, ibe other> by Oergonne^ are proved in a more 
simple manner according to Minding^ s new formula^ than they 
were by their discoverers. The following is the expression of the 
law of refraction: There is a constant relationj viz., that of the 
ratio of refraction, between the cosine* of the inclination of the 
prolonged incident ray, to a linear element, which is drawn arbi- 
trarily from the point of incidence upon the boundary plane of the 
refracting medium, and the cosine of the inclination of a refracted 
ray to the same linear element. Assuming tj and to be the 
angles formed by the prolonged incident and by the refracted ray, 
with the linear element lying in the plane of incidence, 3^ and 5' to 
be the angles formed by these rays with another element that 
is placed in the refracting plane, we obtain : 

sin = nsin^-^ — iy'^,orcosiy = ncosiy', 

and if S is the angle of both elements, cos d = cosi; cos cosV 
= cos cos 3, and also cos 3^ = n cos 3^, which contains the above 
proposition. 

Batio of Befraetton of ice.— Bravais(2) has measured the ratio 
of refractmn of ice by the aid of Wollaston^s* goniometer, and 
has obtained the following values : 

Middle of tlie red , . . 1*3070 IQddle of the green . . 1*3115 
„ „ onnge . . 1*3085 v 99 blue. # . 13150 

„ „ yellow . . 1*3095 „ „ violet . . 1*3170 

cansttos. — ^Airy(8) gives us an appendix to his Treatise on the 
Intensity of Light in the vicinity of a Causticr De Morgan has 

furnished a series for computing the inte^al^ d w cos (w* — m w) 

whereas Airy, in order to avoid the integrisi^ d 3 cos 3, which 

he considered obscure, formerly had recou^e to the method of qua- 
dratures. Both methods ^ve concordat results. 

pisperalon of Colours. Composition of the Opeetmm. — 
fircwster(4), as is well known) sev^ years ago ^proposed the 

(1) Menb. Aead. BuU. V, 113 ; Fo^ Ann. IiXX, 268. 

(2) Aw. Ch. Ph,i. [3] XXI, 861 s Fogg. Ann. 11, 576. . 

( 3 ) FiriLM.i|.[ 6 ] XXXni,311.' (4) Edinb. Tnutt. XU, 123. 
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view that the spectrum cousisti^ of three fundhimental colours^ red, 
yellow, and blue, which^ extending with unequal intensity over the 
entire length of the spectrum, thus not only produce the mixed 
colours, orange, green, and violet, but also distribute a quantity of 
white light over the spectrum, which he supposed incapable of 
analysis, because it consists of different coloured raya of amildr 
refranffibility. This view was suggested by the character of the 
spectrum when examined with coloured absorptive medi^^ as for 
instance, smalt-blue glass. Bed is seen in this] case in direct juxta- 
position with vivid pure yellow, orange having disappeared, &;c. 
Airy(l) has made an attempt to prove that the results obtained by 
Brewster were due to imperfect observation j he states that the modi- 
fied spectrum should be compared directly with one unmodified, and 
that all other light should be carefully excluded ; as he remembered 
having, some time since, instituted careful experiments with absorp- 
tive media, the results of which were at direct variance with Brewster^s 
views. Brewster(2) has, however, completely refuted this attack, by 
remarking that, in his observations, all those points have been at- 
tended to, that Herschcl has obtained similar results, and that an 
experiment, which is imperfectly related from memory, is neither 
qualified to upset his results, which have been obtained with hundreds 
of absorptive media, nor to be handed down to posterity by the 
historian of the inductive sciences (Whewell) as an undoubted fact. 

Analysis of suniiffiit, — Melloni(3) reports on Draper^s investi- 
gation of the development of light by heating, and, at *the same 
time, critically examines the experiments of Brewster, which 
have just been -mentioned, on the constitution of the prismatic 
spectrum. Melloni thinks that this philosopher allowed himself 
to be deceived by the effect of a complex spectrum ; in the homoge- 
neous or elementary spectra, which Melloni claimii to have em- 
ployed in his experiments, he states that he never saw yellow in 
juxtaposition with red, when the orange was removed by an absorptive 
medium. Brew8ter(4) very justly and positively objects to the 
insinuation, as well as to the entire critiques of Draper and Melloni 
as altogether inappropriate. 

lionsltudliial Strta in the Solar Spectrum. — ^If we permit the pas- 
sage of sunli^t through a small opening into a dark room, by means 

(1) Phil. Mag. [3] XXX, 73 j Pogg. Ann. LXXI, 393. ' 

(2) PhiL Mag. [3] XXX, 153 ; Pogg. Ann. LXXI, 397. 

(3) Phil. Mag. [3] XXXII, 262 ; Pogg, Ann. LXXV, 62 ; Arch. Ph. Nat V, 238. 

(4) PhU. Mag. [3] XXX, 461 ; XXXII, 489 ; Pogg. Ann. LXXt, 81. 
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m oUetw, w the: p^inna;^<^ especially as 

^^pi^g is reduced, a greater or less luupbet of Ipngituduud strise, 
:fhKsh Zantedes0^l,i(l), Bagona-^ciAs(% . aad W8rtmann(3) 
haye, attributed, stKmgdiy enough, to rcde^Ui refraction, dispersion, 
intotference, and, deflection; whilst Knublauch and Kar8ten(4), 
E^\ihn(5) and 0^nhay(6) proved, .widi fa^^ that ^hose strise were 
solely . attributable to ipaperfecdons of the apparatus, , roughness of 
die edges,:*particle8 of dust on the mirror and in the opening. The 
first three physicists would appear to have worked on this subject, with 
a . view; to, undarmining old established facts. One of them sees 
the longitudinal strite better when the opening is broad; the other, 
when it is narrow; the three observers admit that the strise depend 
upon .the apparatus, and Zantedeschi, in conseipience, supposes 
thidi Branenhofer overlooked the dependence qf his lines (the 
trai^n^p(;se lines) on the character of his apparatus. The theoretical 
discussion is obscure and unintelligible. 

Thc«i7 of Natorai Colours. — J, Muller, of Freiburg, is engaged 
in an explanation of the natural colours; he proceeds upon the 
assumption of Wrede(7), that colours are caused by the interference 
of rays reflected at the surface, and at various depths of substances. 
Muller(8) conducts the sunlight by means of an heliostat through a 
verticid fissure into a dark room, and directs it through a second 
fissure upon a prism of flint-glass. The spectrum is received upon 
a screen of transparent paper, which is graduated horizontally into 
inches and lines. By means of this contrivance, several of ^rauen- 
hofer’s lines may be observed, and their distances compared ; this 
apparatus also offers the advantage over examination by the teles- 
09 pe, <rf a complete survey of the ipectnun. If, previously to analysis, 
the light passes throi^h coloured medii^ broader or narrower 
shadows, or vary numerous narrow black lines, xm both phanriTnanf,^ 
may be obsmed in the spectrum. The to the 

powerM colours of the lower order, the second to the paler colour, 
or the white of a higher order, the third to combinations of the 
lower and l%her orders of colours. Similar phenomena ape obtained 


(1) Baccolts Fisico-Chiiiiica Itoliona, 1846, 1, 373. 

(2) Baccdta Krico-Chimics ItaSaiia, 1847, II, 483}. 1848, III, 17. w 

(3) Arch. Ph. Nat. VII, 33 ; Phil. Mag. [3] XXXII, 499 } liiattt. 1848. 99. 

(4) Pogg. Ann. LXXIV, 389. 

(6) qAl l^V, 4S5. ■ 

(6) Iwtit. 1848, 268. 

(7>«% Ann. XXXIII, 353. 

(8) IMd. LXIX, 93 { LXX, 115. 





m 


by analysing interference-colours by the prism; which was effected 

in a very convenient manner by M(iller(l), by conducth^ the light ' 

previous to analysis through laminee of gypsum of various thickness. 

When these were inserted between two N ichoPs prisms^ whose planes 
of polarization^ either parallel or perpendicular to the plane of vibration 
of the gypsum-plate, formed an angle of 46°, the colours of polairisa- 
tion were produced, the origin of whieh> as due to interference, has 
long since ceased to be a matter of doubt, and for which those 
coloured rays which become extinguished, may be anticipated by calcu- 
lation. The purple of the second order causes a dark streak in the 
yellow, in the yellow of the second order the purpler end of the 
spectrum is'^extinguished, the colours of the fourth order already show 
two dark streaks, and if successively thicker laminm of gypsum are 
employed, we obtain 8, 4, 5, and finally, a great number of fine 
dark strise. If three NichoPs prisms be employed, and between each 
pair a gypsum-plate be introduced^in the proper position, we obtain 
combinations of two colours. If a lamina of gypsum, exhibiting the 
purple of the second order be combined with another which is 
sufficiently thick to appear white, prismatic analysis gives rise to a 
phenomenon, which presents some similarity to the colour of iodine- 
vapour. 

In order to obtain further materials for the elaboration of the 
theory, Muller(2) has analysed prismatically the light of 12 coloured 
liquids. For this purpose he placed a layer of a very concentrated 
liquid, contained between flat pieces of glass, before the second fissure 
of his apparatus (vid. supra), and then read off upon the graduated 
screen, the length of the colour-spaces thus extinguished ; the same 
process was successively repeated after the addition of an equal quan- 
tity of water, &c. A solution of Paris-blue in oxalic acid (blue-ink) 
yielded the following results ; Whilst^ the entire spectrum extended 
between the divisions 44 and 70, 


the concentrated solution gave light between . 52 and 58 
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From these results Muller has constructed curves representing 
synoptically the deportment of the spectrum ^under these circum- 
stances. In addition to those, for the liquid above-mentioned, 

(1) Pogg. Ann. LXIX, 98 , LXXI, 91. (2) Pogg. Ann. LXXII, 76. 
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SifnHaf have beet! cbnstmcted^^^fo^^ of copper and 

a^pmbnia/aolutioh of mdigo/ chrome-alimiy tincture of litmus^ mixture 
6 f biehromate of jpotaasa with ' sulphate of icopper; and ammonia^ 
mixture of safElbwer with blue mk> green ihk^ bichromate of potassa, ^ 
solution of sesquisulphocyanide of iron in water> ctherial solution of 
s^uisulphocyanide of iron^ and carmine.T-^The phenomena exhibited 
by bichromate of potaasa were very striking* A saturated solu- 
tiOny which was so pale that no very considerable absorption was to 
be expected^ completely extinguished all the light from green to 
' purple^ whilst yellow- orange^ and red passed through undiminished. 
When a concentrated solution was employed- the light extended 
from 68 to 69 of the scale- when diluted to ^^^7 From 61 to 
70; and it was not until a dilution to - 3 ^ bad taken place- that 
a faint glimmer appeared; even when the dilution was carried to 
7 ^- the purple end of the spectrum was still invisible. < We have 
still to look for a theory by which to account for these phenomena. 

Brucke(l) has observed that a cuneifeirm lamina of gypsum- 
introduced between parallel Nicholas prisms- presents at its thinnest 
part a gradual transition from white to brown ; and that lavender 
giby is the complementary colour of this brown when the NichpPs 
prisms cross one another. He has published this obserytdion 
under the heading- on the Nature of the Colour Brown.^' 

Durocher( 2 )- Martins(3)- and Collomb(4) have communicated 
remarks upon the colour of glaciers- and of the water issidng from 
them.' . 

DlsperMon of Llpht In the Interior of OoUil and Fluid Bodies. — 

J. Herschel attributed- to a superficial dispersion- the colour pre- 
sented by some varieties of fiuor-Kpar- and by solution of sulphate of 
quinine under reflected light- and which is difibrent from the colour 
produced by transmitted light. * Hd this phenomenon epipo- 

lism. BrewBter(5) now shows that if intern^ pencils of light be 
employed- the phenomenop is clearly proved /to depend upon dis- 
persion taking place at a considerable depdi in the interior of the 
substance-^-^idid that it may be observed in a Ifirge class of substances- 
such as various greenish kinds of glass- . numerous solutions of 
vegetal sub^ances- e. the colouring matter of laurel-leaves- 
orme-resin- black tea- the seeds of cokhicum autumnak, and sul- 

(1) Pog^. AnD. LXXlV, 461 ; PhU. Mag! £3] XXXUL 281. 

(2) Ann. Ch. I^hya. [3] XXI, .488 ; Compt.,Beiid. XXIV, 677j 
(3VAnn. Ch. Phys. [3] XXII, 496 ; Compt. Rend. XXIV, 545. 
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phate of strychnine. The dispersiojr of the entering pencil attains 
its limit when all the dispersible rays hav^ been eliminated^ and in 
sulphate of quinine this is the case at a trifling depths hence the Miid mad 
remarkable epipolism of this substance. The dispersed pencil of light ^ dii®' 
is polarized principally in the plane of reflection, lie solution of 
Prussian blue eidiibits distinctly the change of colour accompanying 
the change of the azimuth in which the ray is examined. It is 
blueish at 90®, carnation«red at 100®, greenish at 120®, blueish at 
160®, carnation at 170®. 

Pieoctarolsm of the Amethyst. — Haidinger(l) has added to his 
observations on the pleochroism of crystalB(2), an analysis of the 
colours shown by the amethyst. A lamina, polished perpendicularly to 
the axis by Soleil, when examined with a dichroscopic lens perpen- 
dicularly to the polished surfaces, exhibited the same colours in the 
ordinary and extraordinary image in the centre of the plane only, 
whereas this property is found throughout in other uniaxial crystals. 

The field consisted of three blue wedges of 90®, alternating with 
three red wedges of 30®, in each of which the intensity of the colour 
increased towards the middle of the angle. — ^In order to obtain 
the greatest contrast of the colours in the two images of the lens, 
it is necessary to look through the crystal perpendicularly to a plane P, 
which is parallel to the rhombohedric planes of the amet%st, or 
to a surface M, which is perpendicular to the former, and parallel, to 
the axis, or, lastly, to a surface T, at right angles to either of the 
preceding ones. The plane P yields in the ordinary ray a dark 
purple-blue, in the extraordin^^ ray a pure rose colour ; the plane 
T presents the same purple-blue and a pure blue ; light and dark 
streaks parallel to the plane P, alternate with one another; the 
plane M shows purple-blue, without the lens, and this colour may 
be decomposed under the lens into reddish and blueish purple. 

The chromatic phenomena just mentioned, as well as numerous others 
which Haidinger obtained by varying his experiments, correspond 
with the description which Brewster gave a consi^rable time 
ago(8) of the chromatic tints exhibited by the amethyst. They 
differ both from the phenomena of dichroism observed in crystals with 
a single optic axis, as well as from those of the trichroism of 
crystals with two axes. Of the following remark of Haidinger we 
require an explanation. He says : " Thus we find the plane perpem- 
dicular to the axis, which invariably yields two unicoloured images in 


(1) Pogg. Ann. LXX, 531. 
(3) Phil. Trans. 1819, p. 11. 


(2) Pogg. Ann. LXV, 1. 
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of ^ uniaxial crystals^ to be dichromatic in this case; so as to corres- 

ciFCulair vibrations undulating in contrary 
^ * directionsi and with unequal rapidity/^ It is desirable that he should 
have accounted more fully for the manner, in which the chromatic 
uniformity of the two images in the middle of the plate, as well as the 
laminated cpnstitution of the amethyst, that was inferred from the 
striation of the plane T, i. e. the occurrence of laminse, rotating 
to the right and left, parallel to the planes P,' and parallel to three 
planes of a trilateral prism closing in the axis, may be reconciled 
with the above statement. 

BoulileRefrnetton. — ^Brewster(l) has ascertained, that the 
optical deportment of those layers in the topaz which adjoin certain 
small cavities, indicates that the tension of gases within these cavities, 
^ caused a condensation of the constituents of the topaz whilst fluid. 

.Optical Character oC Aniiiioiilii«Alaiii.’--J amin(2) informs us, that 
Biot discovered the^4)etohedron of ammonia^alum to consist of eight 
pyramids, the apices of which occupy the centre of the octohedron, 
ahd which split parallel with the octohedral surfaces, i, the bases 
of the pyramids. Every pyramid forms a positive uniaxial crystal, 
whose crystalline axis is perpendicular to the plane of cleavage, 
and whose power of double refraction varies in different parts, being 
on an average 200 times weaker in gypsum.— If the pyramids 
are united into one natural alum-c^htal, the optical effects neutralize 
each other. If we give to a plate two parallel surfaces at right 
angles to one edge of the alum, we obtain the same optical effect 
as that produced in the compensator of Babinet. 

Rotation of the Plane of Polarization eonneetea with the Form of 
Cnrstaisw— The labours of Biot (3) have established, beyond any 
doubt, that the rotation of the plane of polarization of a light-ray 
during its passage through a given substaBce, is caused by a power 
which is inherent in the molecules, and not the result of their 
peculiar aggregation. He considers quartz alone to form an excep* 
tion, opal, hyalite, tabascheer(4), and amoiphous silicic acid(5) 
presenting no more circular polarization than according to Her- 
schel(6), do the silicates gener^ly. Biot's experiments have, how-* 
ever, rendered it probable, that the cause of the disappearance of 

(1) PUl. Mag. [3] XXXI, 101. 

( 2 ) loittt. 1848, 400. 

(3) Ann. Ch. Fl^. [2] IX. 372 ; X, 63 > [3] X, 0, 175, 307, 385 ; XI, 82. 

(4) Pogg. Ann. nil, 522. 

(5) IbM.XXI,389. 

(6) Henclwl’l TtMtii. on Light, f 1046. 
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circular polarization is to be found in the transposition of the 
molecules, which is connected with the transition into the amorphous 
condition; for the specific rotatory power of a lamina of sugar 
that is melted, and subsequently cooled, increases in proportion 
as the amorphous passes into the crystalline form. No circular cryst^. 
polarization is observed in crystals of sugar, camphor and tartaric 
acid, because this phenomenon is masked by the double refraction ; 
but this does not warrant the Conclusion(l), that these substances 
possess no power of producing circular polarization in the solid form. 
Circular polarization ought to be as observable in suitable crystals of 
sugar and tartaric acid, in the direction of their optic axes, as it is 
in the direction of the optic .axis of yock crystal. — It seems that 
the substances which rotate the plane of polarization, exhibit an 
hemihedrous or hemimorphous formation in the crystalline condition. 

This is the case with -sugar and tai^ric acid ; quartz also must be 
viewed as a combination of two.hemihedrisms, tmd the tetaftohedric 
plagihedron-surfaces indicate the direction of rotation of the plane of 
polarization. — According to Fasteur^8(2) investigations, the two 
symmetrical hemihedrisms, which are^ obtained from a solution of 
racemate of soda and ammonia(3), rotate the plane of polarization in 
opposite directions, and this character is even preserved in the soda- 
salt, and in the acid which has been separated by sulphuric acid from 
the baryta-salt, whilst the mother liquor of the above-mentioned 
double salt remains indifierent to light in all stages of crystalli- 
zation. 

Haidiiiffer’s coiour«iPeneU8.~Haidinger^s pencils of colour 
have been satisfactorily accounted for by Silbermann(4), who 
proved that the transparent cornea and the crystalline lens are doubly 
refracting media, capable of yielding the ordinary colours of chro- 
matic polarization; that the striated fibrous structure of the lens 
presents cm analyzer similar to the fibrous agate, with this difierence 
only, that in the former the fibres radiate from the axis in all 
directions. In the centre of the lens is a neutral spot, which does * 
not polarize the light, and therefore remains colourless ; the axis of the 
yellow pencils is parallel to the plane of polarization, which is given 
by a Nicholas prism held up to the eye, or by tourmaline, frc. ; and 
to which, on the other hand, the complementary purple rays are per- 


(1) HencbeVs TreaUse on Light, § 1046. 

(2) Ann. Ch. Phys. [3] XXiy,442; Instit. 1848, 157; Compt. Rend. XXVI, 335 ; 
XXVII, 367 and 401. 

(3) Vide supra, p; 23. 

(4) Compt. Rend. XXIII, 629 ; XXIV, 114 ; Pogg. Ann. LXX, 393, 401. 
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pendicular. Pappesilieiin states^ that* the fibrous structure of the 
humour al^ actsiuaifixmliuf renders 

the &ct intelligible^ that all eyea ore not eqmdly capable of seeing 
Haidinger^i pencils^ and why the pencilamay disappear after having 
been observed attentively tor a few moments^ and again become 
distinctly visible upon rotating the prism suddenly through 90^. 

BotEenhart(l) has observed/ that if a4amina of a quartz-crystal cut 
perpendicularly to its axisj inserted^ Haidinger^s pencils are 
rotated to the right or thef left^ according to the quality of the 
quartz ; and that in addition to the yellow and purple pencils red 
and green ones are noticed^ resulting from the unequal rotation of 
the planes of polarization, of the various coloured rays. 

Jamin(2)^ on the contrary^ adopting Moigno’s fundamental 
notion^ ei^plains the luminous pencils of Hai dinger in the following 
manner : — ^If a polarized pencil of light fall upon a column of oblique 
glass pfttes^ the intensity of the refracted ray varies with the azimuth 
of polarization ; it attains a maximum if the planes of inciden^ and 
polarization are perpendicular to one another. A system of *lmvex 
and concave lenses^ having, their axes conincident^ presents to a 
luminous pencil^ polarized in the direction of this axis> every possible 
azimuth of the plane of refraction. There wil^ be two dark pencils 
which expand towards the circumference^ in the plane of polarization^ 
and two luminous ones perpendicular to it, and it is thus that Hai din- 
ger^ s pencils are produced in the lenticular system of the eye. As 
the various ratios of refraction cause the intensities of the various 
refracted coloured rays to be unequal, the pencils must appear 
coloured. The same variations of colour are said to be obtained by 
calculation as by experiment. 

Experiments wltli the RotaUnp Polarladinw Apparatus. — Dove(3) 
has adapted wheels to his polarizing apparatus, by means of which 
one or both the NichoPs prisms, as well as the plates that were intro- 
duced between them, coiidd be rotated in the same or in opposite 
directions, and with, equal or unequal rapidity, round the axis of the 
apparatus. He has thus obtained p means of contributing nu- 
merous interesting experiments to optics(4). When the polarizing 
Nichors prism is made to rotate, the light which is rectilinearly 
polarized, presents the deportment of natural light; ..the comple- 

(1) Pogg. Ann. LXX. 399 ; Cwmpt. Bend. XXIV, 43. 

(2) CompL Raid. XXVI, 197 ; Initit 1848, 53 : Fogg. Ann. LXXIV, 145. 

(3) Pngg. Aiiii.<KXXV, 569.' 

(4) Biwl. AcacL’Ber. 1847, 70 s Pngg. Ann. LXXI, 97 } PUl. Meg. [3] XXX, 465. 
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mentary annular systems wl^ch apjpear jn* the two pvkfeipal posHion^^ 
and the colours of >tt|ia crystalliim p|i(tes mutualfy compensate one 
another so as to form white* However^ the existence polarisation 
may be observed if the eleetrfe spark b& employed as^the eource of 
light. — If the increase and dimihution of fbe rotatory velocity during a 
single rotation be uniform, all the ]^henomena of partially pdarised 
light present themselves, and the plane of polarisation coincides with 
the direction of the minimum of velocity. — If both Nicholas prisms 
be rotated with the same velocity in opposite directions, the annular 
system becomes apparent, widen is exhibited when both are placed 
opposite to one another in a state of'' quiescence with an azimuth of 
45^. The annular system, with...the v4iite cross, appears four times 
in every revolution, and coincides with the points 0®, 90®, 180®, 270^, 
the system with the black cross appears at the 45®, 136®, 226®, 315®; 
consequently the impression received, jis that of both phenomena cover- 
ing one another. If the velocities of rotation of the two N ichoTs prilsms 
differ, the phenomenon itself rotates. When both Nicholas prisms 
are rotated uniformly in the same direction, the same phenomena 
present themselves as in light polarized and analysed circularly. 
These examples may suffice to characterise the experiments which 
Dove has multiplied by the most varied combinations of move- 
ment . — We give the following as one of the experiments which I>oVe 
instituted for the purpose of obtaining white by a superposition of 
complementary colours. He places a doubly-refracting crystal before 
two vertical fissures, so that the two centre-images exactly cover one 
another. The phenomenon, coloured by a lamina of gypsum, is 
then examined by means of a NichoPs prism. The two extreme 
images yield complementary colours, the middle one is white, owing 
to the superposition. — ^The caleidophohe, when lit up at the same 
time with a lamp and daylight, produces curves which are objectively 
orange and subjectively blue ; their points of intersection *«re said 
by Dove not to be perfectly white. — By employing three glasses 
respectively of a blueish-green, a yellow and a purple colour. Dove 
obtained a colourless combination ; day-light appeared grey^ lamp- 
light, on the contrary, which has a different spectrum, dingy green. 

Cauchy(l) has communicated some remarks on the differential 
equations for chromatic polarization. 

Optles of the Atmosphere, iiumlnous Meteors. — There are 
several essays on luminous meteors in the periodical edited by 
Grunert : contributions to Meteorological Optics, Fart 1, first and 


(1) Compt. Rend. XXV, 331. 
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wblxmA number : on the rainbow, by Orunert, on the three principal 
jAffiomena of halos and mock-suns by Kuj^se; op twilight and 
the calculation of the observations of twilight of Lambert, by 
Grunert. < 

A treatise has been published by Bravais(l) on the optical phe- 
nomena which are produced by clouds contain^g ice. 

Dtsperslon of lAght In tiie Atmospiiere. — Clau8iu8(2) has made 
an attempt to represent in formulse the amount of light which the 
atmosphm conveys to the earth, and the apparent intensity of illu- 
mination of the various points of the sky ; Lambert ("PAo/owie/m”) 
and Bouguer Optice^^) have been previously engaged in a similar 
pursuit; however, the physical data necessary to solve the ques- 
tion satisfactorily are still wanted. The atmosphere is supposed to 
be of the same density throughout, and bounded by horizontal 
planes; a ray of light, which enters with the intensity 1, arrives 

at a depth x of the atmosphere with an intensity e > and, conse- 
quently, at the earth^s surface mth e"~^ *** y being the zenith- 
distance of the sun, h the reduced height of the atmosphere. 
If y ss 0, the intensity of the sun^s light will be e"~*. This had 
beeir stated by Bouguer at 0*8123, by Lambert at 0*59; Clausius 
finally has assumed the number 0*75, and consequently, a = 
0 2876819. — Atmospheric absorption is not considered, and reflec- 
tion and dispersion are calculated as if caused, not by the atmos- 
pheric particles, but by the vesicles of vapour floating in the air. 
— Let L designate the quantity of light reaching the earth, either 
directly from the sun, or after any number of reflections ; then a 
portion A « L will be returned, and is again subject to re- 
flection in the atmosphere. ^According to Lambert, A is assumed 
= tt i Irom the formulae which result from the assumptions just 
enumerated, the following values may be calculated : 


Zenith 
dist. qf 
sun. 

Qaantity of direct 
ahnlight. 

Quantity of sun- 
light reduced by 
atmosphere. 

Entire quantity of 
light received from 
the air by the 
earth. 

Entire quantity of 
light reaching the 
earth. 

5® 

1 

0*75 

0*18599 

0-93599 

50® 

0-64279 

0-41087 

0-15599 

0*56686 

80® 

0-1736 

0-03313 

0*06736 

0*10049 


The formulae are only applicable for zenith-distances of the sun 


(1) Compt. Bena. XXIV, 962. 

(2) Pogg. Ami. LXXII, 294, from Cr«Ue’« Jounul der reineii und .ngewandten 
Mathem. XXXIV and XXXVI ; Berlin. Acad. Bar. 1847> 200. 
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up to 80®. The following reciUlta^ foF*the lumilious 9 tiite of tb^ 8ky> 
may be cited as examples^ that of th^ iun beyoafid the atmoqibere 
being assumed at 1000000 : 


Zenith 
dist. of 
sun. 

Lumi- 
nosity of 
sun. 

Lum^osity of slgrw ' 

In the 
zenith. 

In imme- 
diate viei- 
nity of ann. 

i In horizontal circle of 
60^ from zenith. - * 

, At thehorizon. 

Honzdntal distance. 

0“ 

90® 

180® 

00 

900 

1800 

0» 

60» 

80“ 

750000 

662500 

190800 

6*82& 

i-7n 

0*880 

6*825 
10*227 , 
10*413 

3*475 

10*227 

4*347 

3*475 

2*278 

1*380 

3*476 

1*773 

1*216 

5*051 

10*367 

5*925 

5*051 

4*039 

2*306 

5*051 

3*555 

2*220 


Brewster^(l) in a treatise on the state of polarization of the at- 
mosphere^ fixes the position of the neutral points; 1. Arago’s neutral 
point lies 18®*5 above the opposite pole of the sun when at the 
horizon^ but approaches this pole as near as 11® to 12® when the sun 
rises; 2. Babinet^s neutral point lies 18®*5 above the sun when the 
latter is at the horizon^ but coincides with the sun when he is in 
the zenith, — ^The polarization between each of these two neutral points 
and the sun^ or his opposite pole^ is negative^ u e. perpendicular to 
the plane of incidence^ but positive between the neutral points 
themselves^ t. e. in the plane of incidence. Brewster concluded 
that the causes which produce these neutral points, should also pro- 
duce a third one below the sun, and he at 'last succeeded in 
discovering it under peculiarly favourable circumstances at a distance 
of 15® to 16® from the sun ; this, however, is variable. When the 
sun occupies the zenith, the upper and lower neutral points coincide 
with him ; they separate again as the sun sets. — Under particular 
circumstances, Brewster has observed that the first two neutral 
points are accompanied by secondary neutral points at trifling 
distance. — Brewster has also examined the condition of polarization 
of the sky with a polarimeter constructed for that express purpose; 
the polarization was fdways neutralized with a certain "number of 
thin plates of glass, by establishing the necessary incideniCes, or 
when the incidence was constant, by the use of the due number 
bf plates. The point of maximum polarization is at a distance of 
from 88® to, 92® from the sun, in the plane that passes through the 
sun and the zenith ; the components in the plane of polarization, and 
in one perpendicular to it, bear a ratio of 1 : 2. — ^Brewster gives for 


M 2 


(1) r^U. Mag. [3] XXXI, 444. 
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poWisatioD, D • 

f-6^ 84^ (din Z sin A) } & 

]> janid^ i)^ the distances from the fiM twb hentr^^^^^ ^ 

zenith-dista^j and A the azimutb of the piihcipd plane. 
we mre informed by Brewster that Zdntedesbbf published a treatise 
on. atmospheric polarization m .tlit RaccoUa SM 

% 1846. ■ ■■ "■' ' V - 

: Optlcjsl Appa:ratuB. Botatlnp Colanred Dlse.— Oriiel (1) has 
placeAthe rotating disc^ which is employed for the pui^ose of show- 
ing,., the immeasurably short duration of the electric sparky in a 
vertic4 position^ and has* provided it with clock'^work^ by means of 
which the velocity of rotation may be rej^lated at pleasiire; he has 
used this apparatus for the exhibition of the subjective chromatic 
phenomena^ which have been described by Dove (2) ; it is also 
adapted to work with Newton^s chromatic disc^, with the Itrobo- 
sc^pic discs, and with Opelt^s siren. Dove has, on this occarion, 
succeeded, with the assistance of coloured glasses, in obtaining white 
by means of dioptric colours. 

.Application of Poiarlzedi iipht to the Mleroseope. — Brewster (3) has 
discovered that the application of polarized light is an excellent' 
means of distinctly seeing under the microscope, such objects, 
which possess double refraction, a class to which almost all crystals, 
as. well as the majority of animal and vegetal fibres, belong. 
Diffraction, which causes the indistinctness of . ^he microscopic 
images, di^ppears in polarized light, because no jll^s pass by at the 
edges (ff the fibres. In those cases, in which it is requisite to examine 
objects in a fluid without a covering-glass, or enclosed in other solid 
bodies with an irregular surface, polarized light almost entirely 
removes the injurious influence of irregular refraction by the surface. 
—Brewster, on this occasion, corrects" an error of Chevallier’s, and 
, proves ..\lhst it was not Wollaston, but hinisjrif, who removed the 
injurious effect of diffraction by a peciiliar sys^stu of dlumination for 
noii.'p^rming bodies. ' 

We liAve yet to add the foUowing optii^l apparatus' w methods : 
A system of illumination for the qi^^ plates large clocks by 
Dorey,(4) ^n^'adaptation of the Ai^and : Iqmp tip optical experi- 
ments, by Sbleil(5) ; A photometer i&d (^otHbqtioue art df 

pplisBing glasses and metalhc mirrors by Doppler (cotumuuicated 


(n Pogg. Ann. LXXV, 524. 

(2) Pogg. Ann. LXXV, 526. 

(3) Phil. Mag. [3] XXXII, 161. 


(4) ComiJt. Rend. XXV. 557. 

(5) Idem. XXIV, 300. 



.OPTICS. 165 

by Bolzauo)(l), and by Heinekan(2) ; A' simpler form of the heliostat 
by 6ruel(3); Alloys/or mirrors and imp^vements of catoptrical intm- 
ments, and an apparatus for measuring the smallest deflection of a ray of 
lightj by Doppler(4); An essay on the manufacture of the magic mirrors 
of the Chinescjby Stan. Julien(5); and An experiment x&ade with one 
of these mirrors, by PerBon(6); An apparatus for illuminating micro- 
scopic objects with oblique light, by N«chet(7) ; Observations on the 
same, by Oberhauser(8) and Chevallier(9) ; A proposition to illumi- 
nate the micrometer-wires by platinum-wires heated by galyanism, by 
Arago(lO), carried out by Forment ; An optical telemet6r, an instru- 
ment fbr measuring distances,' and a proposition to construct a 
giant microscope, by l)oppler(ll); A stephanoscope, by Doye(12) ; 
An improvement in the optical saccharimeter, by Soleil(13) ; Appa- 
ratus for saccharimetry, with a description of the method, by 
Clergct(14) ; An apparatus for measuring the rotation of the plane 
o{ polarization by fluids, under different temperatures, by Bar- 
thelemy Bianchi(15) ; and A doubly-refracting eye-piece-micro- 
meter, by Arago(16). 

Physloloaleal Optles. Stnietnre and Optical Properties of the 
Eye. — In one of his lectures at the Boyal Ophthalmic Hospital, 
London, Bowman(17) has given a description of the structure and 
physical properties of the crystalline lens. 

yal<$e(18) states, that he has found by a comparison of Krauss's 
measurements of the dimensions of the eye, that the exterior convex 
surfaces have exactly that geometrical form (curved surface of 
the fourth order) (19), which produces foci free from deviations ; 
he calls them qptoidal surfaces, and also finds that the posterior 
convex surfaces are, at least, so far optoidal, as the pencils of light 
penetrating into the eye impinge upon them. — ^In a subsequent 

0) Pogg. Ann. LXXII, 530. (5) Pogg. Ann. XXIV, 999. 

(2) PhiL Mag. [3] XXXIIl, 480. (6) llnd. XXlV, 1110. 

(3) Pogg. Ann. LXXII, 422. (7) Ibid. XXIV» 976. 

(4) IWd. LXXII, 530. (8) Ibid. XXIV, 1052. . 

(91 Compi. Bend. XXIV, 1097. 

(10) Ibid. XXIV, 321 ; Pogg. Ann. LXXl, 96. 

(11) Pogg; Ann. LXII, 530. 

(12) Acad. Ber. 1847, 76 1 Fogg. Ann. LXXI, 115. 

(13) Compt. Bend. XXIV, 973, XxVI, 162 1 Inatit. 1848, 45 and 55. 

(14) InaU^ 1848, 61. 

(15) Compt. Bend. XXV, 3^. 

(16) Compt. Bend. XXIV, 400; Pogg. Ann LXXI, 405. 

(17) Lond. Med. Oaa. Ang. 1848, 320. 

(18) Compt. Bend. XXIV, 676, 

(19) Herscheri Treatise on Light. 
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logieSi yal&(l) applies to the eye the proposition^ that of a series 

optiei. of refracting surfaces of any fornij 'vHrich are 4 )enetrated by rays 
•ndo^oa iMuing from one pointy one may always be so selected^ that all the 
again concentrated into one focus. He is of opinion^ that 
the cornea always receives^ through the muscles of the eye, the form 
requisite for the production of sharply defined images on the retina. 
These changes of form might be smaller, the less the form of the 
other refracting surfaces differs from that of the optoidal surface. — 
Faye has reported to the French Academy on Valdezs two 
memoirs(2).^ 

Bisnersion of toe imman Sye. — Mathiessen(8) has made the 
following determinations respecting the dispersion of the human eye ; 
1. the distance of distinct vision, with red light, from the line B, is, 
with far-sighted persons, more than double that with blue light from 
the line G. For normal eyes, the difference is less, and still smaller 
for short-sighted persons; 2. a white point of light, situated beforc^a 
normal eye at distinct visual distance, has its focus B, 16""*3, its focus 
B, and G 16®“'7 behind the centre of the eye; 8. the 

dispersion of the human eye is greater than that of crown-glass and 
of water, it approaches that of flint-glass ; 4. the ratios of refraction 
of the crystall^e lens for the lines B, E, G, are respectively 1*8684, 
1*870, 1*8765. 

Mathiessen is of opinion, that the means for effecting the 
achromatism of optical impressions, are arranged by nature externally 
to the real optical apparatus of the eye; an opinion which is contra- 
dicted by yal£e(4}. He substitutes the hypothesis, that the strongly 
converging pencils of light emergent from the crystalline lens are 
brought to a point {appwretl acuteur) by the vitreous humour, which 
he considers as composed of layers of different density^ and that the 
rays of different colours are thus contracted into one line. 

Pappenheim(5) has measured the ratios of refraction of the 
vitreous humour in the anterior and posterior, layer. He has found 
the former to be 1*8389 and 1*8848, the^ latter 1*8871, differences 
which 'Are, at all events, too slight to justify yalde^s appareil 
acuteur*^ 

Brown Sequard(6) communicates some comparative observa- 
tions on theAiction of light on the iris ffi the five clmisea of vertebrate 
asdmals* 

• 

(1) Compt. Rend. TtXV, SOI. (2) Coupt. Rend> 843. 

(3) IMd. XXIV, 875 ; Pogg. Ann. LXXI, 578 $ AkIu Ph. Nat. V, 221. 

(4) Compt. Rend. XXIV, 1096. (6) Compt. Rend. XXV, 482, 508, 510. 

(5) Ibid. XXV, 901. 
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0efe€ta«f viaion. — Hainilton(l) gives an account of a peculiar 
defect of vision. A man twenty-five years of age was short-sighted^ 
and partially blind at night. He was able to recognize horizontal lines 
tolerably well, but could scarcely distinguish vertical ones, and wa» 
much less able to delineate them. An mcperiment made with a card 
pierced with two holes, through .which the head of a pin was ob- 
served, showed that the latter was seen by the left eye, at a distance 
of 6 inches or 9 inches, according to whether the holes v^exi^ taken 
horizontally or vertically ; with the right eye the ratio of 6^ to 6^ was 
observed. The defect was remedied by a cylindrical leorit " 

Muscae voutantes. — ^Brewster(2) ha^ founded on experiments with 
his own eye, a view respecting the musca volUanfes, which differs 
from the explanations given by De la Hire, Porterfield, and 
Mackenzie. He points out as the cause, portions of the cells 
in which the vitreous humour is enclosed, of which the torn fila- 
ments floatgj^out in the chamber, and throw shadow and deflected 
light on the retina. By means of two bright light-sources placed 
before the eye, two shadows of the same fibre were obtained, with the 
aid of which Brewster has measured the apparent diameter of the 
musca volitanteSf as well as the distance from the retina of the bodies 
producing it. By means of screens with appropriate openings, or 
lenses of different focal lengths, the divergence of the iight- 
pencils employed may be arbitrarily placed both within or without 
the eye, when, by partially obscuring the lenses, the fine musete also 
will become visible, while in full light only the larger ones are 
perceptible. According to Brewster, the mwoe occur in every 
healt% eye, becoming dangerous only by too great an accumulation ; 
they are by no means a symptom of approaching blindness from 
cataract or amaurosis. 

Caron du yillars(3) communicates some remarks on the casual 
coloration of the vitreous humour. 

Tbeorv of Vision.— -The magnitude of the angle which the axes 
of vision, directed to one point, form with each other, hjsm a 
constant ratio to the distance of the object, and it is conceivable, 
that from the magnitude of this angle, a direct inference respect- 
ing tlb distance may be drawn, without aify farther aid being 
required by the sense of vision. This view is supported by the 
apparent diminution or increase' of the distance of obje<^s 
served, if the intersection of the optical axes be intentionally 

(1) FroriepU Notizen [3] VII, 219. * (2) Phil. Mag. [3] XXXII, 1, 

(3) Compt. Rend. XXIV, 1097. 



168 


PHYSICS AND PHYSICAL CHEMISTRY. 


Thtory of 
ViftoQ* 


placed either before or behind the objects; this Brew8ter(l) has 
confirmed by a series of new experiments. If we place ourselves 
in front of a large surface^ e. g. a vertical wdl^ on which there 
is a constant repetition of the same figure at regular intervals^ as^ 
for instance^ the flowers in the design of a .paper-hangings and the 
axes of vision be so directeds that the two nearest figures be made to 
coalesces all the other pairs will likewise coalesce ; the image of the 
wall will appear to occupy the intersection of the optic axess whether 
this be situated before the walls close to the eyCs or behind the wall. 
The latter result cans howevers only be attaineds if the figures occur in 
a transparent surfaces for instances a plate of glass ; the seat of a canc- 
bottomed chair placed verticallys is likewise stated to be very appli- 
cable to the latter purpose. The farther we imagine the trellis- 
work removed backwardss the larger the canes and the spaces are 
made to appear by an illusion of the imagination. 

If the two sides (of equal length) of an angle be #rawn on a 
horizontal surfaces and the axes of vision be so directed that their 
terminal points are made to coalesces the two lines will appear to form 
ones which seeois shortened or lengtheneds according to the inter- 
section of the visual axes and the position of the eye with regard to 
the horizontal plane. The well-known experiment of holding before 
the eye a compasSs the legs of which appear to reach to a great 
distance (described in Smithes Optics IIs 388)s is only a particular 
case of the above. 

From all this Brewster(2) concludes that the perception of dis- 
tance is included in the process of vision itselfs and that the sense of 
sight does not require the aid of experience for this purpose; as 
both children and young animalss directly after births judge of 
distances in their correct proportions. This is contra^cted by 
Whewells who adduces the opposite experience of oculistSs accord- 
ing to which blind people who have been operated ^on, required 
some practice before they were enabled to judge correctly of the 
distance of objects. 

In another place(8) Brewster expresses the opinion that dif- 
ference of colour has some influence in judging of distance' He 
states that when red and blue objectSs drawn on the same imrfaces 
are contemplated^ the red objects appear to be nearer than the blue 
ones. HencOs difference in colour would appear to be a source of 
optical illusion. 


( 1 ) Pha. Mag. [3] XXX, 305. 
(3) Instit. 1848, 290. 


(2) Instit. 1848, 371. 



omcB. 


Heineken(l) relates^ with fefereiice to the experience of 
and Babbage^ on double vision with one eye^ that he ha4 during ^ 
two hours^ seen threefold mth his left eye^ after having it closed 
for some time^ while using his right eye aided by a lens^ to divide a 
yard into 400 parts; 

Foramen €entraie. — Brewster(2) describes an experiment which 
he explains by the foramen centraU of the retina discovered by Som- 
mering. If/ after short repose^ the eye is directed upon a sheet 
of paper uniformly illumined^ a circular spot^ sm'rounded by an 
uniform white border^ is observed. Its apparent diameter is 86', 
giving for i^e foramen centrak a real diameter of of an inch. 

nubjecUve Colours. Coloured Rlngrs, on looking throaFU eolonred 
Fluids. — Haidinger(d} communicates an observation of Lowe, 
according to which, on looking through a layer of the so-called 
dichromatic media, as sesquichloride of chromium oi^ cobalt-glass, a 
ring is obsirved of the size of the iris, differing in colour from the 
fluid, while the space surrounded by it, of the size of the pupil, has 
the natural colour. It seems as if, by the particular affe^on of 
this part of the retina, the circular surrounding portion is made 
susceptible of the complementary impression, so that this colour 
appears when likewise contained in the dichromatic medium. Thus, on 
looking at sesquichloride of chromium, a green spot, surrounded by a 
violet . ring, is observed. If the monochromatic ammoniacal oxide of 
copper be employed, the colour of the surrounding ring is only of 
a rather deeper blue. 

Subjective Colours on the Rotatory Rise. — If a yellow and blue 
sector, in the ratio of 1 : 4 be painted on a rotatory disc for obtain- 
ing the intermediate green, and a small dark rod of the thickness of a 
thin black-lead pencil be moved parallel with itself across the disc, the 
rod will, according to Dove,(4) lie visible as a trellis, with alternate 
bars, blue and yellow. The yellow bars are the broadest, they there- 
fore appear when the rod is over the blue. The number of these 
bars corresponds to that of the revolutions, if only one sector of 
each colour be painted; as the bars may be easily counted, we obtain 
in this manner the number of revolutions in a given space of time. — 
The same phenomenon is observed if the rod be at rest, whilst the eye is 
moved to the side.— -If the eye be moved rapidly to and fro before the 
disc painted with sectors, the combined colour will be observed 
to resolve itself momentarily into its components on that side to 


(1) Phil. Mag. [3] XXXni, 318. (2) Instit. 1848, 289. 

(3) Pogg. Ann. LXX, 403. 

(4) Pogg. Ann. LXXI, 112;. BerL Acad. Ber. 1847, 77. 
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which the eye turns, while between the moving disc and the eye^ 
there is an approach to a relative state of rest. 

optical llluaions. Apparent Motion of Bine and Red Spots on Red 
and Blue Grounds. — ^The fact has been known for some time, that if 
a blue field with red spots on it, or a red field with blue spots be 
moved to and fro, while artificially illumined, the coloured spots 
will appear to have an increased waving motion, as though they were 
loose upon the surface underneath. H. Taylor,(l) in explanation 
of this phenomenon, first calls attention to the fact, that when light 
and shade suddenly change their positions on a ball suspended before 
the eye, the former appears to swing to and fro. We may convince 
oursdves of this, by placing at the back of the ball, and a littlc- 
to the right and left, .two lights which are alternately covered. — 
When the red spots move in the blue field from right to left, the 
continued impression of red mixes at the right margin of each spot 
with the blue of the ground to form a darker red, similar to a border of 
shade ; this at once passes over to the left margin when the motion is 
from left to right. Blue spots on red ground, on the contrary, receive a 
bright margin of light. The change of position of these shades and lights 
is the cause of the apparent swinging, just as in the case of the ball 
alternately illuminated on the right and left side, as described above. 

Brewster(2) discusses the illusion to which the eye is subject 
on contemplating intaglios and cameos ; it consists in confounding 
the convex with the concave, and vice versd, and is particularly 
apparent on viewing them through an inverting microscope, or the 
eye-piece of a telescope. On the reversion of the image, a con- 
cavity appears in relief, even with a perfectly uniform shadowless 
illumination, if it be situate in an extended horizontal plane, the rever- 
sion of which cannot be noticed at the same time; if^ on the 
contrary, it be situate in a narrow strip, the reversion of which can 
be perceived in the field of view, then it merely appears as a hollow. 
It is evident that the illusion must vanish on viewing the object 
with increasing obliquity, for in the case of a spherical hollow (appear- 
ing in relief) the whole of the elliptical margin of the imaginary 
convexity remains visible until it becomes a straight line, whilst in 
that of a convexity (appearing as a depression), that portion of the 
margin of the supposed concavity and part of the plane opposite 
to the observer become eclipsed— results the reverse of what would 
take place with real convexities and concavities. Shadows of course 
must tend to increase the illusion. 


(2) PhU. Mag. [3] XXX^ 432. 


(1) Phil. Mag. [,3] XXXIII, 345. 
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Dove(l) calls attention to an optical iUusion perceptible on riding 
in a tr^, when the objects outside Idle carriage appear dimini^ed^ 
whilst its interior is magnified in a remarkable manner. 

Chemical* Effects of isiffht. Action of .Iilaht on a Mixture of 
Chlorine and Hydrogen.— In tlie twelfth section of their inves- 
tigations^ Eavre and Silbermann(2) have examined the action 
of solar light on a mixture of chlorine and hydrogen. Equal 
quantities of chlorine — the one, after having been exposed to 
solar radiation, the other in the dark — ^were absorbed by solu- 
tion of potassa; it was found that 1 grm. of chlorine after 
exposure to light, disengaged 478*85 heat-units, while 439*70 units 
were evolved if the gas was not exposed. Eavre and Silberm.ann 
account for the diJSerence of 89*15 heat-units, by a modification 
of the molecules, which is stated to precede the combination with 
potassa, and to be attended with an absorption of heat. The 
exposed chlorine had undergone the same modification, under the 
influence of the solar heat. The number for the exposed chlorine 
478*85, multiplied by the equivalent of chlorine, equals half the 
combustion-heat of hydrogen. — For the purpose of studying the 
influence of the diiOTerent coloured rays of the spectrum on the 
mixture of chlorine and hydrogen, Eavre and Silbermann filled 
fifty small glass tubes, placed in an upright position along the sides 
of a narrow trough, the gases being confined over salt water, whilst 
they were exposed to the solar spectrum. The level to which the 
salt-solution rose, in the various tubes, under the influence of light, 
rendered the chemical action of the coloured rays evident to the 
eye. Eavre and Silbermann state that they have found the 
greatest action to take place in the morning at the line H, at 
noon at the line G, and in the evening at F. — They next intend 
to investigate the influence which the substance of the prism has 
upon these results. 

Ptaotoffraplilc Effect of the Various Coloured Bays. — ^The difficult 
discussion on the nature of the photographic actioh of the different 
coloured rays has been complicated still more in consequence of 
Draper^s communications; indeed, if we place reliance on the ex- 
perience of this observer, we cannot expect to see this question 
solved in Europe.-^It is an acknowledged fact, that the most 
refrangible rays of the spectrum more especially exert an ener- 
getic chemical influence in general, and a photographic action in 
particular, while, as regards less refrangible rays, the results obtained 
are contradictory; it is not decided whether these rays have likc- 

(1) Pogg. Ann. LXXI, 118. 

(2) Instit. 1848, 309; Compt. Rend. XXyilliSGS. 
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wise an independent photographic action, but to a smaller degree 
than that of the blue and violet colours, or whether they have only 
onrtdrayt. the faculty of Continuing an action commenced by the latter, (Bec- 
querel), or, finally, whether their action is directly oj^posite to that 
of the more refrangible portion of the spectrum, so as to neutralize 
their photographic effects, and to restore the sensibility of the sub- 
stances in question to the action of light.-*-The experimental results, 
obtained by Fizeau and Foucault, induced these physicists to 
decide in favour of the latter view. Becquerel(l) believes, how- 
ever, that their results, obtained, as they were, with the complex 
combinations of the chloride, iodide, and bromide of silver, might 
be explained by secondary chemical action, and he adduces some 
instances of such actions both from Herschel’s and his own expe- 
rience. 

Draper(2) communicates results which he obtained in Virginia at 
different seasons of the year, on the photographic action of the 
various parts of the spectrum j they are not favourable to Bec- 
querePs view. Drap.er not only found that the less refrangible 
portion of the Virginian solar spectrum prevented and retarded the 
action of daylight, even when permitted to act for hours, but also 
that a similar action was produced by certain rays beyond the violet. 
The latter was, however, only apparent in July, and even the protecting 
power of the red and orange rays disappeared, according to Draper, 
in September; it was found to exist with a portion of the yel- 
low and green rays only, but returned in March to the red and 
orange. — ^If the daylight is excluded both previously and at the 
time, the protective power of the less refrangible rays is not per- 
ceptible ; the Daguerreotype-spectrum being, white along the space 
on which they have fallen. 

The third of the views enumerated above, on the photographic 
action of the different rays of light, was defended still more decidedly 
by Glaudet(3), who states as a general result, that every kind of ray 
is possessed of a peculiar photogenic power, which, at the same time, 
destroys that of every other kind of ray. According to this view, the 
action of the blue rays is destroyed by the red and yellow rays, and 
viceversd, Claudet, however, applies the term ''photogenic^’ action 
exclusively to that which imparts an attraction for mercurial vapour 
to silver plates, coated with a chloride, bromide, or iodide, Claudet’s 
results are, in substance, as follows : he found that solar-rays, when 


(l) Pha. Mag. [3] XXX, 214. (2) PhU. Mag. 87 ; Aroh. Ph. Nat. V, 5. 

(3) Athen. Nr. 1027 ; Sill. Am Joum. [2] IV, 409; Phil. Mag. [3] XXXII, 88. from 
Phil. T rana, 1847, II ; Compt. Read. XXV, 554 Ann. Ch. Phya. [3] XXII, 332. 
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coloured red by a dense atmospheric fogy or when passed through 
red, orang^ or yellow glass^ destroyed the action of white light on 
iodized silver plates^ so as again to do away with the aUraction for mer* 
curial vapours which had been excited. The plates became again as 
susceptible of white light as before irradiation^ and perfectly regular 
pictures were obtained^ although a portion of the plate had been 
repeatedly changed by white, and restored by red, orange, and 
yellow light. Claudet anticipates two useful applications of these 
results ; Istly, that the plates may be prepared in open daylight, 
instead of in the dark, as they may be rendered susceptible before 
use, merely by subjection to red light; 2dly, that a picture may 
still be corrected if, on subjecting it to the vapour of mercury, it is 
found to have been too long exposed to light. — If the period of 
irradiation by white light be taken as the unit, red light requires a 
period of 50, orange light 15, yellow 10, to remove the action. 
These rays, however, are stated to possess in addition to the an- 
tagonist influence, likewise a peculiar photographic action, red 6000 
times, yellow 100 times weaker than white ; but this action must be 
of a nature perfectly different from that of the blue and violet rays, as 
it would otherwise be incapable of coming into action at all under 
the simultaneous opposing influence of red and yellow. Claudet 
concludes from all this, that the photographic action cannot consist 
in a reduction of the silver, with the elimination of iodine, bromine, or 
chlorine, as the plate did not lose its sensitiveness to light after so many 
actions and reactions. — Hunt(l) also comnlunicates an experiment 
which is favourable to the opinion that certain rays of light protect the 
sensitive substances from chemical change. He directed light, pre- 
viously transmitted through a yellow medium, upon highly susceptible 
photographic paper, simultaneously exposed to full sunlight by 
reflection. The white paper was blackened, with the exception of the 
stripe under the action of the yellow light, which remained white. 

Gaud in (2), on the other hand, confirms the results obtained by 
Becquerel. He has succeeded in obtaining perfect pictures by the 
continuous power of rays which have passed through an orahge- 
coloured glass, without the application of mercury ; these Claudet (3) 
endeavours to explain by a crystallization of the chloride of silver, 
and will not admit that they belong to the class of Daguerreo- 
type-pictures. Gaudin also states, that if chloride of iodine be 
employed, the orange-yellow light, not only acts continuing, but 

(1) Instit. 1848, 291. (2) Compt. Rend. XXV, 639. 

(3) Compt. Rend. XXV, 763 ; Inslit. 1848, 291. , 
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independently^ whilst the rays that had passed through red glass only 
continue the action. 

With regard to the observations of Becquerel and Gaudin^ 
Claudet(l} states^ that he also had seen cases in which the effect of 
red and yellow rays upon iodized silver plates had been continuing 
instead of destroying the action. Yet^ as he had also observed the 
reverse as positively, he considered that it appeared to confirm 
Draper^s results, which tended to prove that the effect of the rays 
is essentially modified by the season of the year. The variations in 
the results have, however, only occurred in silver plates that were 
iodized in the ordinary manner. If the iodizing process be con- 
tinued until the plates have passed through the series of yellow, 
red, blue, and blueish-green tints, and this series be repeated, 6r if 
the more susceptible(2) bromine- and chlorine-compounds be em- 
ployed, the yellow and red rays are said, by Claudet, always to 
destroy, and never to continue the action. — ^The non-appearance of the 
pictures, which is frequently ascribed to the imperfect preparation of 
the plates, or to the condition of the fiuids which are to accelerate the 
action, is attributed by Claudet in the majority of instances to the 
state of the light, inasmuch as the destroying rays may increase in 
intensity so as to overpower the efficient rays. 

Coloured Photogenic Drawings. — ^E. Becquerel(3) states, that if a 
small plate of silver be held over chlorine-water, at a distance of a few 
centimetres, it assumes a whitish tint after a few minutes ; and if a 
solar spectrum, condensed into a few centimetres, be now thrown upon 
it, we obtain a representation of the latter with its peculiar colours. 
The yellow appears least distinctly. The plate may be still better 
prepared by immersing it into oblorine-water, until it has assumed 
a whitish, slightly rosy tint, or into dilute hydrochloric acid, the plate 
being connected with the positive pole of a galvanic battery, or, lastly, 
into a solution of chloride of copper. — In order to obtain the yellow 
colour perfectly, the plate, after being well prepared, should be placed 
under a shade of combined red and blue cobalt glass, when it 
becomes purple in diffused light* The orange, yellow, green and 
blue colours of the spectrumi are then very readUy retained. 
Becquerel considers the compemnd, formed by the above method, 
to be a subchloride, or a miicture of white protochloride with the 


(1) Phil. Mag. [3] XXXII, 199; Ann. Ch. Phys. [3] XXII, 348 ; Compt. Rend. XXV, 
763, 938. 

(2) Phil. Mag. [3] XXXII, 215. 

(3) Ann. Ch. Phys. [3] XXII, 451 ; J. Pr. Cheni. XLIV, 358 ; Ding. Pol. J. CX, 25 ; 
Compt. Rend. XXVI, 181 ; Instit. 1848, 45, 54, 341. 
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subchloride^ because when treated with ammonia^ it becomes whitCj 
and behaves like the white chloride. — The coloured prismatic im- 
pression^ however, is not retained under the influence of light ; it is 
destroyed by the solvents of the protochloride, such as ammonia and 
hyposulphite of soda. 

Dairuerreotypes. — ^But few new observations have been contributed 
to the production of Daguerreotype-pictures. 

Belfield Lefevre and Foucault(l) state, that if a silver plate 
be polished and iodized in the usual manner, and then exposed to 
three times the quantity of bromine-vapour, which suffices to render 
the plate most susceptible to light, so that it assumes a dark-purple 
tint, the plate will be found to have acquired less susceptibility, but 
to be more adapted to reproduce the gradations of light of the lightest 
as well as of the darkest parts in the most complete detail ; this 
is a quality, the absence of which is much felt in plates that are pre- 
pared in the ordinary manner. 

Kilburn(2) remarks, that electro-silvered plates take a better 
polish, and are more susceptible of the influence of light than 
Daguerreotype-plates prepared in the ordinary manner. 

Bou^(3) recommends the same process. 

Kilburn(4) obtained Daguerreotypes in a time of ten minutes, by 
the aid of the flame of a tallow candle, or an oil-lamp. 

Photogrraplilc Pictures on Paper. — The methods of producing 
photographic drawings on paper have been improved. 

Blanquart-Evrard(5) moistens the paper which he uses for 
large photographic drawings, by placing several moistened sheets 
behind it, and pressing it between two plates of glass. The fluids 
with which the two sides of the paper alternately bxc moistened, 
are a solution of 1 part of nitrate of silver in 30 parts of 
distilled water, and of 25 parts of iodide of potassium with- 1 part 
of bromide of potassium in 660 of distilled water. ' After the 
last bath, the paper is dried and preserved in the dark; when 
required for use, it is again moistened on the first side with a 
solution of 6 parts of nitrate of silver in 11 of crystallizable acetic 
acid and 64 of water, and then exposed to the light in the 
camera obscura. The picture is brought out by the application 


(1) Ann. Ch. Phys. [3] XIX, 125 ; PhU. Sag. [3] XXX, 213. 

(2) Phil. Mag. [3] XXXII, 547 ; Dingl. Pol. J. CIX, 314. 

(3) Compt. Rend. XXIV, 466. 

(4) PhU. Mag. [3] XXX, 378. 

(5) Ann. Ch. Phys. [3] XX, 100} Compt. Rend. XXIV, 117, 653; XXV, 812. 
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of a conc^trated solution of gallic acid in large exce88(l) ; it is then 
waidied with water, a solution of 1 part of bromide of potassium in 
40 of water pOured over it, again washed and dried, when the 
negative picture is complete. — ^The paper for the positive pictures, 
a great number of which may be produced by means of the negative 
paper, is prepared in the usual manner, by means of solutions of 
chloride of sodium and nitrate of silver. 

Saguez(2) gives the following method for preparing photographic 
paper: 1. For the negative picture. Choose very fine paper of 
uniform transparency; immerse for three to four minutes in a 
solution of 6 grm. iodide of potassium in 120 grm. water; dry for 
twelve hours in the air. The paper assumes a pale rose colour, and 
may be kept in this condition for months in a dry place. If used 
for the purpose of producing a picture, a small quantity of a solution 
of 6 grm. nitrate of ylver, in 10 grm. acetic acid, and 60 grm. 
water, is poured on a plate of glass, and the paper laid upon it. It 
becomes covered with a dense and very sensitive layer of white 
iodide of silver (according to Saguez(2) souS'-iodure). 2. For the 
positive picture. The paper is placed upon a solution of 1*25 grm. 
of chloride of sodium in 40 grm. of water until it is moistened 
uniformly; it is then pressed between blotting paper, placed upon a 
solution of 5 grm. -of nitrate of silver in 30 grm. of^water, and 
removed, after a time, to be dried in a dark place. No care will, 
however, prevent its assuming a slight rose tint. The positive 
picture is fixed by .means of a solution of 30 grm. of hyposulphite 
of soda in 300 grm. of water. 

Iodized Paper for Pbotopeiilo Drawinps. • — To prepare iodized 
paper for photogenic drawings, by means of a single solution, 
Jordan(3) recommends the precipitation of nitrate of silver by iodide 
of potassium, and the re-solution of the precipitate in a strong solu- 
tion of iodide of potassium. This solution is to be transferred to 
the paper by means of a glass rod; the paper after drying is to be 
immersed in water, which precipitates the iodide of silver on the 
paper.' This is now laid upon water with the iodized surface 
downwards, in order entirely to remove the iodide of potassium. 

Brooke(4) states, that he has obtained photographic paper of 
extreme sensibility, by adding a small quantity of iodide of potas- 
sium to bromide of potassium. 


(l).Ann. Ch. Phys. [3] XXI, 447. (2) Compt. Rend. XXV, 633. 

(3) Mech. Mag. 1848, n. 1304 ; Dingl. Pol. J. CX, 78. - 

(4) Instit. 1848, 66. 
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Schonbein(l) states that starch-paste, when mixed with recently 
prepared iodide of lead, so as to give it an intense yellow colour, **p^^‘*^ 
and exposed to the sunshine, rapidly assumes a black-blue colour, drSving^. 
and ths^l this mixture, in fact; is the most susceptible of all known 
substances of the influence of light. 

Transference of Daguerreotypes and Drawings to PhotoprapUc 
Paper. — ^Poitevin(2) has published a method by which Daguerreo- 
type-pictures and engravings may be transferred to photographic 
paper. The Daguerreotype, before the iodide of silver is washed oiF 
with hyposulphite of soda, is to be immersed in a solution of sulphate 
of copper, so as to be employed as the negative pole of a voltaic battery. 

The copper is deposited upon the particles of mercury only, and not 
upon the iodide of silver, which is a bad conductor. The latter is 
then removed and the plate dried. If a solution of gelatine be now 
poured upon the plate and allowed to dry,^the copper, and, con- 
sequently, a negative picture, may be removed with the gelatine ; 
the picture is then carefully placed upon photographic paper, and 
exposed to diffused light for a quarter of an hour. The picture has 
afterwards to be washed with water and hyposulphite of soda, and to 
be dried. In order to obtain an impression of a drawing or an 
engraving, it is to be laid upon an iodized plate, and exposed 
to the lighlil the negative picture which results is then exposed to 
the vapour of mercury, and the subsequent process adopted is the 
same as that in the last case. 

Metlioil of obtalnlngr engraved DetalUo Plates from Drawings or 
EnirraTiiiips. — ^Foitevin(3) has also invented a method by which we 
may obtain on plates raised or sunk impressions from drawings or 
engravings ; these plates in their turn may be used for multiplying 
the impressions. — ^The engraving is exposed to iodine vapours, which 
only adhere to the black parts; the sheet is then attached to a 
silver plate, polished according to Daguerre's method, by means of 
slight pressure ; the iodine is transferred to the silver, so that layers 
of iodide of silver are formed corresponding to the shadows of the 
engraving. The plate is then immersed into a concentrated 
solution of sulphate of copper, and used as the negative pole of a 
W’^eak battery ; it is removed before the iodized portions are coated 
with copper. The plate is at once washed, and the iodide removed 
by hyposulphite of soda; the copper surfaces are then oxidized by 


. (1) Pogg. LXXIII, 136. 

(2) Compt. Rend. XXVII, 13 ; Instit. 1848, 221. 

(3) Compt. Rend. XXVI, 153 ; Instit. 1848, 46 ; J. Pr. Chem. XLV, 233. 
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MeAod^of they become dark brown, the exposed silver surfaces are 

after cooling, and the plate being covered with two or 
from dnlw layers of gold leaf, the mercury is volatilized by heat. The 

ingTor”enI gold is brushed off from those parts which are covered with ^xide of 
graving*, to which it docs not adhere. The oxide of copper is 

then dissolved by a solution of nitrate of silver, and the silver, as well 
as the subjacent copper, exposed to the action of dilute nitric 
acid. The parts covered with gold are not affected, so that the 
etching may be carried to any depth ; the plate which is thus 
obtained, may be employed for taking impressions, in the manner in 
which wood-cut-blocks are used. 

In order to obtain plates engraved as deeply as the plates 
used for ordinary copperplate engravings, a plate of gilt copper is 
employed. By proeceding as above, the light parts are covered with 
copper, and the shaded parts being deprived of the iodine, the gold 
amalgam is removed from the shaded, and the oxide of copper from 
the light parts by acid. The latter will then be protected against the 
further action of the acid by the gold, and we obtain a deep en- 
graving. 

Peculiarities of certain Vapours adapted to the Production of 
Pictures. — Niepce de St. Victor(l) has discovered two new proper- 
ties of iodine vapours, and endeavoured to employ them^ multiply- 
ing works of art. — ^The first property consists in the deposition of iodine 
vapours upon the lines of engravings, drawings, &c., w^hether they 
consist of printer's ink, ink not containing gum, Indian ink, or mi- 
nium. If we then place the iodized sheet upon paper, a plate of 
glass,* porcelain, or ivory, &c., which has been covered with a layer 
of starch, the drawing is transferred with the blue, violet, or red 
colour of iodinated stai'ch. The best method is to immerse the 
drawing, first in ammonia-water, and then to pass it through water 
acidulated with sulphuric, hydrochloric, or nitric acid. After drying 
it is exposed to iodine vapours, and the above-mentioned operations 
performed; the sheet is then placed upon the plate covered with 
starch-paste, and, after the picture has been completely dried, a 
transparent varnish is applied, and it is put under glass. Several 
impressions may be taken without renewing the coating of iodine. — ^The 
picture may also be transferred and fixed upon silver or copper. — 
Iron, lead, tin, brass also receive the picture, but no means have as 
yet been discovered of fixing it. — ^The second peculiarity of iodine 


(1) Ann. Ch. Phys. [3] XXII, 85 ; PhU, Mag. [3] XXXII, 206 ; SUL Am. J. [2] VI, 
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vapours consists in their being deposited mainly upon the prominent 
parts of embossed plates^ so that * we are also enabled to take 
impressions from these. — Chlorine possesses the same property as 
iodine ; but the picture is so faint, that it has to be rendered 
visible upon silver plates by mercury, on copper by ammoniacal 
vapours. Bromine produces no effect whatever. — ^The product of 
^the slow combustion of phosphorus presents the same deportment as 
iodine ; the fumes of nitric acid are mainly deposited on the light 
parts, and therefore give rise to a negative picture upon silver and 
copper plates. With regard to embossed plates, these fumes deport 
themselves like iodine. A negative picture may be obtained also 
from engravings, by exposing them to the vapour of warmed 
chloride of lime. Ghevreul(l) has made a lucid report on the 
above subject. 

Photogenic Drawings on Glass.— In order to transfer photogenic 
drawings to glass, Ni^pce(2) directs that from twelve to fifteen drops 
of iodide of potassium be added to the white of three eggs, which 
are to be beaten up to a froth, and the albumen allowed to run off. 
The former is put into a square vessel of porcelain, into which the 
glass plate is introduced vertically, and let down gently by a hook at 
one side, until it assumes the horizontal position ahd is covered by 
albumen, which is then dried at a temperature of not more than 15^ 
or 20®. The plate is then introduced into a mixture of acetate and 
nitrate of silver, in the same manner as it was immersed into the 
albumen, washed in distilled water, and placed in a dark chamber. 
Gallic acid is employed to bring oiit the picture, bromide of potas- 
sium to fix it. 

Porro(3) communicates an account of a picture obtained by 
Zantedeschi, which is analogous to those of Moser, and was 
produced by porcelain plates coloured with oxide of cobalt upon 
white porcelain surfaces placed opposite. Laurent (4) remarks, that 
he had previously obtained, and published an account of, similar 
pictures. 

Seguier(6) has made a detailed report on the recent progress of 
photography to the society for the promotion of the Arts in Paris, 
incidentally to a distribution of prizes. 

Photoffraphometer. — ^An instrument was constructed by Jordan 


(1) Compt. Rend. XXV, 785. 

(2) Compt. Rend. XXVI, 637; Instit. 1848, 183; J. Pr. Chem. XLV, 230. 

(3) Compt. Rend. XXV, 762. (4) Ibid. 784. 

(4) From Bull, de la Soc. d’Encour. Ami, 1848, 195, in Dingl. Pol. J. CVIII, 451. 
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pbometer. in 1839^ and improved by Hunt, for the purpose of measuring the 
intensity of the chemical power of solar light. A hollow cylinder, 
into which a triangular opening, with one angle upwards, is cut, is 
made to turn on its axis, which is placed perpendicularly to the plane 
of the ecliptic so as to rotate with the sun. A second cylinder, covered 
with photographic paper, revolves within the former in the opposite 
direction. The rays of the sun impinge upon the points as they 
pass by the triangular opening; the nearer they lie to the apex, 
the shorter the time of exposure will be. The mpre the visible 
photographic effect approaches the apex, the more powerful may the 
light be assumed to be. This apparatus, as well as the instrument 
constructed by J. Herschel, in 1840, requires to be moved by 
clockwork, and both only serve to measure the intensity, which varies 
with the period of the day. Claudet(l) has lately succeeded in 
producing what he terms a photographometer, by means of which 
we are enabled to measure, not only the intensity of the chemical 
rays, but also the relative susceptibility of the plates or chemical 
papers which have been prepared according to different methods. 
The plate or paper is attached at the lower edge of an inclined plane, 
and covered with a metallic plate, which is perforated horizontally 
with a row of cqui-distant round holes. A second disc slides along 
the inclined plane, in which there are corresponding holes of 1, 2, 4, 
8, 16, 32, and 61 millimetres in diameter. This second plate is 
fixed in a black cloth, which moves with it, in such a manner that 
the rays of light can only impinge upon the prepared plate, during the 
time which the openings of the moving plate occupy in passing over 
those in the one at rest. It is evident, that the ratios of the periods 
of operation for the adjacent perforations must be as 1, 2, 4, 8, &c. 
When a very weak light is employed, as in instituting a comparison 
between the solar and lunar light, it is necessary to let the moveable 
plate fall repeatedly, and to calculate the ratios of the intensities 
accordingly. — If we wish to compare plates that have been prepared 
according to different methods, they must be placed in juxtaposition, 
and two moveable plates allowed to slide down at the same time, as 
the intensity of the light varies every minute. 

Glaudet has ascertained by means of his apparatus, that pure 
solar light renders iodo-bromide of silver susceptible of the 
vapour of mercury in -niWth of a second. He considers the appa- 
ratus adapted to solve the following questions. What is the effect 
of the compound light, and what that of the separated rays of the 


(1) PhU. Mag. [3] XXXIII, 329; Instit. 1848, 318 ; Compt. Rend. XXVII, 370. 
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solar spectrum 7 What is the amount 'of loss in the chemical rays 
by ordinary or total reflection^ or by refraction through lenses? 
What is the intensity of the chemical rays in the various sources of 
light 7 What influence does the atmosphere exert upon the chemical 
rays? 

Bonald8(l) has invented a method of photographic self-regis- 
tration of meteorological and magnetic phenomena. 


PhQtognu 

pbometer. 


MAGNETISM. 

Bastalnlns Power of Hapnets. — ^It is now several years since 
P. W. Hacker (2)^ an ironmonger at Niimberg, proposed for the 
sustaining power of horse-shoe steel magnets, (when so far saturated 
that their magnetic power can no longer be weakened by frequent 
removal of the armature), the purely empirical formula(I), deduced 
from numerous experiments, — 

(I) 

where P represents the weight of the magnet, z its power, both in 
Bavarian loths (1 kilogr. = 1-786 Bavar. pounds = 57’152 Bavar. 
loths), and a a constant magnitude for a homogeneous mass of steel. 
With good magnets the value of a can be raised, according to 
Hacker to that of log. o = 1-6, and, when external disturbing 
influences are excluded, will remain constantly at this point. How-, 
ever, this value a depends much on the nature of the steel, as well 
on the working of it in the fire as on the degree of hardness, but 
not sensibly, within certain limits, on the size or form of the magnet. 
The weight of a great number of magnets which were examined was 
between loth, and 40 pounds, with very difierent dimensions 
of the legs, whose length in the heaviest magnet reached 31 inches. 
Within these limits i^; seems to be indifierent, whether the section of 
the limbs is round or rectangular, whether it is square or oblong, 
whether one pf them is somewhat longer or shorter than, or nearer 
to or farther frojn, the other, indeed, even whether they consist of one 
piece or of several laminae. 

Thus also the sustaining power of straight magnetic rods, of weights 
0)Sm.Am. J. [2]I1I, 428. . (2) Pogg. Ann. LVII, 321. 
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powr ol? J and 81 loths, and of lengths between 2 and 18 Parisian 

magneto, inches^ may be calculated^ when they have been raised as nearly as 
possible to their point of permanent saturation^ by doubling the 
power found to belong to one pole(l). 

Hacker gives (2) for the times of oscillation of straight magnets^ 
moving in a horizontal plane the empirical expression^ — 

T:t= 

where L and I represent the lengths, and F and / the section- 
surfaces of the rods. If then for the section we substitute the 
weight divided by the length, making the time of oscillation of a rod 
of length /, and weight 1 equal to c we obtain : 

(II) T=c p Vl. 

The experiments from which this formula is deduced, were made with 
magnet-rods from 3 to 22 inches in length, and from 1 to 103 loths 
in weight, Hacker takes log c = 0*432, in this case, howeve:!^ we 
must again express P in Bavarian loths, and L in Parisian 
inchcs(3). 

The times of oscillation calculated according to this formula, within 
the specified limits, agree tolerably with observation, as well in the 
case of cylindrical as of rectangular rods ; with the latter, even when 
they consist of several laminse of inconsiderable breadth laid one 
upon the other. 

In the course of these researches the remarkable observation 
occurred to Hacker, that with straight magnet-rods, at any de- 
gree of saturation, the product a c® remains always constant. If 
, now we multiply equation (I) by the square of equation (II), we 
obtain — 


(III) 

an equation, by means of which a c* being ascertained once for all, 
the attractive power of a straight magnet, for all degrees of satu- 
ration, can be deduced from its time of oscillation, which can be 
determined very easily and accurately* Hacker^ determined for 
Nurnberg log a c® = 2*464. 

He also endeavoured to determine the conditions, on which depends 

(1) Pogg. Aim. LXII, 366. - (2) Ibid. LVII, 337. (3) Ibid. LXXII, 68. 
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the duration of the oscillations of magnets whose dimensions do not ^owejr”of* 
fall within the above-mentioned limits. Since, however, the results 
obtained by him in this direction do not seem to offer an equal 
interest either in their practical or their scientific bearings, it may 
suffice here to refer to the papers which treat of them(l). The fact 
is not unimportant, that untempered steel retains somewhat more 
than half the magnetic power that can be conferred permanently 
on tempered steel. 

Hacker does not speak of the quality of the armatures selected 
by him, which nevertheless, as we must conclude from the later 
experiments of Dub on the sustaining power of electro-magncts(2), 
must also have a very important influence in the case of steel- 
magnets ; and this, besides, has been before pointed out by earlier 
experimenters. 

With reference to the sustaining power of dectro-magnets, Jakobi 
and Lcnz(3) had enounced, as founded on observation, the pro- 
position, that, under conditions in other respects similar, the total 
attraction, i. e. the mutual adherence, of two straight cylindrical 
electro-magnets, or of one clectro-magnct and one armature of soft 
iron, is proportional to the square of the strength of the current. 

This proposition, stamped as it seemed to be with truth, can, however, 
according to J. Dub^s researches, be accepted as correct, only within 
very narrow limits, and for certain forms of armature, while for 
armatures of other forms, the proportions appear entirely different. 

Dub shows generally, by numerous experiments, with keepers of 
various dimensions, that these have a far greater influence on the 
amount of the sustaining power than has been hitherto supposed. 

Not only does the mass of the keeper, but also its length, and 
the magnitude of its surface in contact with the magnet, claim 
consideration as of essential import. We obtain from Dub^s 
researches no information concerning the laws of this connection, so 
that it is not, therefore, as yet possible to give any general state- 
ment of the most appropriate form and magnitude of the 
armature. 

Some experiments on the same subject have been narrated by 
Barral(4), according to which the attraction increases with the 
weight of the keeper, and reaches its maximum, when the electro- 
magnet and keeper are of equal weight. The series of experiments 
of Dub, which are far more comprehensive, and more folly 


(1) Pogg. Ann. LXII, 63 ; LXXIV, 394. (3) Pogg. Ann. XLVII, 403. 

(2) Ibid. LXXIV, 465. (4) Compt. Rend. XXV, 757. 
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dfescribed, agree with this indication only so far, that for a. given 
. electro-magnet, and given diameter of the keeper, a certain amount 

of sustaining power cannot be exceeded. This limit, however, seems 
to depend more upon the length than on the weight, and to be the 
inore slowly attained, the greater the strength of the oprrent. 

Barral has also • examined the law of the diminution of the sus- 
taining power under increasing distance of the mutually attracting 

A 

surfaces, and gives for it the expression y = ■ g ’ — where y repre- 
sents the force of the attraction in kilogrammes, and a; the distance 
in millimetres ; A, B, and C being constants dependent on the force 
of the current, as well as on the weight and form of the electro- 
magnet and armature. He states that A is greater than 1, that B 
is a fraction, and C lies between 1 and 2. It need scarcely be 
suggested that the truth of a law enunciated on such indefinite 
data requires farther confirmation. 

Law of ihductlon of Masnetlsm In Bars. — Van Rees, of Utrecht, 
has published (1), a valuable theoretical inquiry on the induction of 
magnetism in regularly magnetized bars of steel and iron. The 
ground from which he starts is based upon the hypothesis 'mow 
almost generally adopted by physicists — ^that epery regular magnet 
consists of series of magnetically polar particles, which present to 
each other their dissimilar poles. This assumption, combined with 
the conception that the action, at a distance or externally, of each 
magnetic particle is proportional to the amount of its magnetic 
momentum, — i. e., that it is in the ratio compounded of those 
of its charge of the free magnetic fluids, and of their interval of 
separation (the distance of their poles from each other) — conducted 
him logically to the conclusion, that the charge (y) of the free 
magnetic fluid distributed over a disc, whose thicknesS is equal to 
the unit of length, jmd which we consider as bounded by two planes, 
perpendicular to th^nagnetic axis, and at any distance (^)from the 

( d z\ 

of the 

magnetic momentum {z) at that point, considered as a function of the 
distance a?. 

In substituting, then, for y the algebraic expression calculated by 
Biot, on the known observations of Coulomb respecting the distri- 
bution of free magnetism on steel wires, (which expression, however. 


(1) Pogg. Ann. LXX, 1. 


(2) Traits de Physique, 111, 70. 
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111 order to be adapted to this case^. must be referred to the middle ^lon'of 
instead of to the end of the magnet-bar)^ he arrived by integration 
at the equation z ^ a — h (fc'+zi"*), which, when the distance x 
and the moment z arc co-ordinates of a curve, belongs to the catenary. 

The three constants, «, ft, and /i, must be determined specially for 
each magnet. 

. We may expect that this law, deduced in the first instance from 
the behaviour of steel magnets, holds good also for electro-magnets, 
which are surrounded through their whole length, and uniformly, 
by wire-coils, since the current circulating round the iron bar exerts 
• on all points of it the 'same magnetizing action, and, so long as it 
continues, supplies the place of the coercive power, which is wanting 
in soft iron. 

It is now several years since the induction of magnetism in electro- 
magnets was determined experimentally by Lenz and Jakobi(l). 

The) moved a very small induction-coil, whose wires were connected 
with a delicate galvanometer, successively over difierent points of the 
electro-magnet, and, a galvanic current of constant strength being 
passed through the electro-magnetic, helix, they measured at each point* 
the action which this part of the magnet exerted on the spirals 
of the induction-coil. The strength of the induced current was 
assumed to be equal to the sine of half the angle of defleetion of the 
galvanometer-needle, and as an expression proportional to the 
quantity of the fiuid separated at the corresponding point of the 
magnet. From the values so obtained, these physicists deduced 
the conclusion, that magnetism is developed under the infiuence of 
the current most strongly at the middle of an iron cylinder, that is, 
precisely where the free magnetism is at zero, and that from this 
point to the two extremities, the decrease of the magnetic separation 
follows a law which corresponds to a parabolic curve. 

Van Rees remarks, that Lenz and JakoW have measured, by 
their method, not exactly the quantity, but i!R momentum of the 
magnetic fluid separated at the various points; since, in fact, the 
strength of the induction is proportional to the quantity of the . 
dissimilar magnetic fluids separated, compounded with the distance 
through which they must return, to coalesce again at the instant of 
the opening of the magnetic circuit. These experiments may serve 
as a crucial test of the law discovered by Van Rees. The latter 
philosopher has with this view re-calculated these results accord- 
ing to his own formula, and finds that they actually coincide even 

(1) Pogg. Ann. LXI, 271, 448. 
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closely with it, than with the parabola indicated by the former 
"TbSr pbyMci8t8(l). 

Van Bees hasy howevery made some experiments himself to test 
the correctness of this law as applied to sted magnets(2). He used 
for this purposoy as did Lenz and Jakobiy a small induction-helixy 
which was moved over the magnetized steel-barSy being kept as close 
as possible to their surface. It was made to traversoy first from 
the middle outwardsy then from points at various distances from the 
centrcy and the momentary current thus produced was measured with 
the galvanometer. Its strengthy assumed as equal to the sine of 
half the angle of deflectiony must be proportional to the quantity of « 
free magnetism which existed in the portion of the bar enclosed 
between its extremity and the point from which the motion com- 
mencedy and is taken as a proportional expression for the magnetic 
momentum at that point. 

Experiments of this kind were made with rectangular prismaticy as 
well as with cylindrical magnet-bars. The results exhibited generally 
a satisfactory concordance with the theoretical law. Those of the 
Tiast observations only of each series, namelyy those of the strength 
of the currents obtained by drawing off the helix from the end of 
each bary came out invariably somewhat less than the indications of 
calculation. For this reasouy van Bees does not yet venture to 
consider the law proposed by himself as altogether proved. Now 
the discrepancies remarked certainly cannot be accidentaly since some 
of them far exceed the limits of observational errory andy moreovery 
also occur in the series of experiments of the Petersburg physicists. 
They seemy howevery to be only a result of latersd inductive actionsy 
whichy in the methods of experiment selectedy were not. to be 
altogether avoidedy and which evidentlyy at the >end of the bar, 
where their infiuence can only be exerted from one sidey must entail 
a comparatively sm^er amount of action. It cannot be doubtedy 
that it is in consequlroe of similar aetionsy that fine strength of the 
current always appears somewhat too great when the coil is drawn 
. off from points in the neighbourhood of the' magnet-poles. 

Van Bees takes, as above remarked, the strength of the momen- 
tary current, according to the example of Lenz and Jakobi, to be 
proportional to the sine of half the angle of deflection. The objec- 
tion mighty however, be raised against tiie correctness of this 
assumption, that the first arc of deflection described by the gal- 
vanometer-needle, cannot attain its total theoretical magnitude, by 

U) Fogg, Aun. LXX, 20. (2) Ibid. LXXIV 213. 
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reason of the presence of that induction-current^ which its own 
motion sets up in the spirals ; an objection of which the validity 
cannot be easily decided a priori. Van Rees has, however, removed 
it by means of a series of experiments, in which, comparing the 
deflections observed, with those calculated (for a given magnitude 
of electromotive power exerted by induction, under known but 
variable resistances to conduction), he always found them equal to 
each other. 

The experimental confirmation of the law proposed by van Bees, 
afibrds*also a full corroboration of the law of Biot, of the distribu- 
tion of free magnetism, which, indeed, forms the foundation of the 
former. The formula A {fx* — or, if the origin is taken 

at the middle of the magnet, y = — though at 
first applied only to magnetized steel wires, may be employed with 
equal accuracy to calculate the distribution of free magnetism on 
straight magnet-bars of every kind. 

AiteraUon of Form by Biaametism. — ^We have some experiments 
by the active physicist, J oule(l), on the influence of magnetization 
on the form of iron bars. He has found that bars, especially of very 
soft iron, are lengthened at the instant of magnetization, without, 
however, any alteration of their volume, so that therefore a pro- 
portional diminution of their section must simultaneously occur. 
During the extinction of the magnetism (f. i., by interruption of the 
inducing current) the bars do not return perfectly, or, at all events, 
only very slowly to their original length. The sound known to be 
given out by iron bars at the instant of the entrance of tbe'current into 
the coil around it, may be explained by this alteration of form. — Joule 
puts the elongation of very soft bars proportional to the square of the 
intensity of the qiagnetism. In the case of iron hardened, or in a 
state of tension, as well as of steel bars, the elongation is irregular, 
and even passes, under very strong tension (such, e.^., as that 
produced by a suspended weight), into a contilRlIion. 

Terrestrial maanetism. — ^Lamont(2) has synoptically arranged 
several determinations of the mean horizontal intensity of the mag- 
netism of the earth, made partly by Langbcrg, partly by Ang- 
strom, and partly by himself. They were all reduced, for better 
comparison, for the 1st of January, 1845. Below are stated the 
mean horizontal intensities at— 


(1) Phil. Mag. [3] XXX, 76, 225 ; Arch. Ph. Nat. IV, 398} V, 51, (in abstr.). 

(2) Pogg. Alin. LXX, 150. 
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TerrMtrifll 

m^lM. 


Places. 

Determinations oi 
Langberg. | Xngstrbm. | 

f: 

Lamont. 

Copenhagen . 



• 


1*6545 

1*6548 

— 

Altona 



• 


— - 

1*7262 

— 

Utrecht . 





— 

— 

1*7278 

Leyden . 





— 

— 

1‘7234 

Cork 





1-6486 

— 


London, Greenwich 





I 

— 

1*7250 

Woolwich 






— 

1*7197 

Gottingen 





— 

1*7849 

— 

Dresden 






— 

— - 

Brussels . 





1*7710 

1*7664 

•l-7662 

Aix^huChapelle 





— 

— * 

1*7810 

Bonn 





1*8001 

1*7926 

1*7941 

Prague » 





1*8740 

— 

— 

Mannheim 





«... 


1*8568 

Paris 





1*8372 

1*8355 

— 

Stuttgard 




• 

— 

1*8969 

1*8870 

Tubingen 




• 

1*9048 

1*9011 

1*9034 

Strasburg 




• 

— 

1*8909 

— 

Augsburg 






1*9299 

— 

Ulm 





— 

1*9186 

I.-. 

Vienna . 





1*9731 


«... 

Munich . 





1*9386 



Berne 





1*9625 

i.. 


Geneva . 





1*9837 

— 


Roveredo 





2*0317 



Milan 





2*0345 


... 

Venice 





2*0674 

— 



Lament finds the magnetic decimation, also reduced on the Ist of 
January, 1845, to be at : 


Tubingen 17® 50/0 I Brussels 21® 15/1 1 Leyden 20® 47/3 

Mannheim 18® 12/8 | Utrecht 20® 19/0 | London, Greenwich 23® 3/9 

From some comparative experiments on the times of oscillation of 
a magnet-bar in vacuo, and in air of various idensities, which 
Lament has conducted in concert with I^uhn, it appears that the 
retardation occasioned by the air^ is as great if the mass of the 
magnet was augmented by the mass of air which Surrounds the 
surface- of the oscillating body to a distance of 4 millimetres in 
every direction(l). 

illamavnetlsni. Rotatton of the Flaae of Polarisation hy Eiee* 
tro-maaneu.-— Matthies8en(3) has found, among a great many kinds 
of glass, twenty-three which, between the poles of the magnet, 
rotate the plane of polarization more strongly than Faraday’s 


(1) Pogg. Ann. LXXI, 124. 

(2) Compt. Rend. XXIV, 969 j XXV, 200} Pogg. Ahn. LXXin,*65, 71 ; Arch. Ph. 
Nat. V, 126, 
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heavy glass. The silicates of lead are remarkable in this respect. 
Matthiessen has examined the influence of the strength of the 
electro-magnets, of the distance of the poles, of the inclination of the 
magnetic axes, of the thickness of the glasses, of their annealing, 
and of the multiplication of their surfaces, and he gives us a list of 
his most efiective glasses(l). 

Bertin(2), in an examination of the rotation of the plane of 
polarization by the electro-magnet, or the wire-helix, has been the 
first to establish, under various circumstances, the law — that the 
rotation is always in the direction of the magnetizing current, or 
of the currents which, according to AmpJire, would be set up, under 
the influence of the electro-magnet, in a piece of soft iron, placed 
in the position of the substance employed. He takes this opportu- 
nity of pointing out, that strong rotations may be obtained by 
inserting several glasses within a series of coils, which having their 
axes coincident, conduct the current in the same direction. A very 
convenient mode of making experiments on the rotation of the pole 
of polarization by one pole of the magnet, is that of placing a 
Norrenberg^s polarizing apparatus on the horizontal polar surface 
of a powerful magnet, the polarizing substance on the lower silvered 
mirror, and a SoleiPs plate of two rotations on the little table, 
which receives the crystal. The rotation is by these means doubled, 
the light passing twice through the polarizing substance. A glass of 
48*"“ thickness gave a rotation of 21®. — ^This arrangement is, more- 
over, adapted to exhibit the action of the magnet on quartz plates, 
since the peculiar rotation of this substance is compensated hy two 
opposing effects. 

The amount of rotation, under a. given strength of current, 
depends upon the nature of the substance, on the thickness of the 
lamina employed, and on the distance of the poles. Bertin found, 
that if one pole only is allowed to act on a piece of flint-glass 
39““ thick, and if its distance is made to increase in arithmetic 
progression, the rotation of the plane of polarization diminishes in 
geometric progression. Thus, if is the rotation which the flint- 
glass exhibits when in contact with the pole, and ^ r the rotation at 
1““ distance, then, at the distance a?““, the rotation y^Ar^\ let 
then c represent the rotation, produced by a lamina of 1““ thidk- 
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(1) Compt. Bend. XXV, 173 ; Vogg. Ann. LXXIII, 77. 

(2) Ann. Ch. Phys. [3] XXIII, 5 j Pogg. Ann. LXXV, 420} Compt. Bend. XXVI, 
216, (in d>str.) } Inrtit. 1848, 53; Pogg. Ann. LXXIV, 143. 
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ness^ in contact with the pole^ then^ for a body of thickness^ we 
have : 

-4 = c ^ therefore y = c 

Thus the action of two poles^ which have, a distance d, and between 
which an active body of the thickness e is placed^ is expressed by 




Let Zf be the rotations^ for the distances z, z + a, iv 2 a, 
z + :/' 

then — p — = r« -f r-« is a constant magnitude. This result, as 


well as some others, deduced by Bertin from the formulae, were 
most satisfactorily confirmed by observation. The magnitude c 
varies with the intensity of the magnetism, according to the same 
law in the case of all bodies, so that the proportions of the values 
of c arc dependent only on the nature of the substances. Bertin 
proposes to. call c the coefficient of magnetic polarization^ and has 
determined it for the following substances, assuming it = 1 for 
Faraday^s flint-glass: 


Guinand’s flint-glass .... 0*87 
Matthiessen’s &nt-gla8s . . . 0*83 


Very dense flint-glass 0*55 

Common flint-glass 0*53 

Bichloride of tin 0*77 

Bisulphide of carbon 0*74 


Terchloride of phosphorus . . . 0*51 

Solution of chloride of zinc . . . 0*55 
„ t, calcium . 0*45 

Water 0*25 

Common alcohol (36” B.) . . . 0*18 

Ether 0*15 


Botatlon by Maffnetlsm of the plane of Polarization In compressed 
Bodies. — Matteucci(l) has found, that, if polarized light is passed 
through crown-glass, flint-glass, and Faraday^s heavy glass, the 
SoleiFs quartz-apparatus, which indicates the position of the plane 
of polarization, being placed at zero, the rotation « takes place on 
these bodies being compressed. If now an electro-magnet is 
allowed to act upon them, the rotation of the plane of polariza- 
tion is stronger in the direction of that exhibited under compression 
than in the contrary direction ; while previously to the compression, 
the rotations, right- and left-handed, under converse currents were 
equal. Matteucci found farther that the rotation produced by 
magnets was remarkably increased at higher temperatures, being, 
f. i., at the temperature of boiling oil, twice as great as at the 
ordinary temperature. 


(1) Ann. Ch. Phys. [3] XXIV, 354. 
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Action of Magnetism on radiant Heat.— r-Wartmann(l) has proved 
in the following manner the action of magnetism on the plane 
of polarization of radiant heat. A pencil of heat-rays from a 
Locatelli^s lamp is polarized by a bundle of mica^ and passes 
thence through a cylinder of rock-salt^ and then through a second 
bundle of mica, whose plane of polizaration is perpendicular to 
that of the first. Since the polarization is never perfect, the heat- 
pencil is always found still to affect a thermo-pile; however, this 
action is found to increase, as soon as an electro-magnet, whose 
pole is in contact with the rock-salt, or the current in a helix which 
encloses it, is set in action, — a proof that the plane of polarization 
is rotated. The effects are but slight; however Wartmann considers 
them to be unequivocal. 

A paper by Airy (2) has appeared on the equations for light 
under the action of magnetism. 

Mairiictlsm as a ireneral Property of Matter. — ^The facts, indepen- 
dently observed by Brugmans(3) and by Le Baillif(4) connected 
with the repulsion of bismuth by the magnetic pole, as well as 
that noticed by J. Seebeck, that bismuth assumes between the 
poles a position equatorial or perpendicular to the magnetic axis, 
are now understood, from the extensive researches of F araday(5), 
to be expressions of a generally diffused natural force, by which 
all bodies are either attracted or repelled by the magnet. To the 
first, or magnetic, class of bodies, of which iron is the type, 
belong, according to Faraday, nickel, cobalt, manganese, chromium, 
cerium, titanium, palladium, platinum, osmium, aluminum, as 
well as all natural and artificial compounds of these metals. 
Besides these, paper, sealing-wax, indian-ink, porcelain, asbestos, 
fluor-spar, minium, cinnabar, peroxide of lead, sulphate of zinc, 
tourmaline, graphite, shellac, and wood-charcoal prove to be slightly 
magnetic. To the second group of bodies which Faraday names 
diamagneUcj belong bismuth, antimony, zinc, tin^ cadmium, sodium, 
mercury, lead, silver, copper, gold, arsenic, uranium, rhodium, iri- 
dium, tungsten, and many compounds of these bodies; as also 
alum, chloride of ammonium, soda, calc-spar, tartaric acid, citric 
acid, alcohol, ether, nitric acid, sulphuric acid, hydrochloric acid. 


(1) Pogg. Ann. LXXI, 573. 

(2) Phil. Mag. [3] XXVIII, 469; Pogg. Ann. LXX, 272. 

(3) Pogg. Ann. X, 293. 

(4) Ibid. 507. 

(5) Phil. Trans. 1846, 41 j Phil. Mag. [3] XXVlII, 455 ; Pogg. Ann. LXX, 24. 
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iodine, phosphorus, sulphur, rosin, wax, olive oil, oil of turpentine, 
caoutchouc, sugar, starch, gum, wood, ivory. 
miitMr. Plucker(l) has made some observations on certain phenomena 
dependent on the magnetic, or diamagnetic property of liquids. 
The distance between the two polar pieces of the electro-magnet 
being a watch-glass, cut from a globe of 36"*” radius, 

and so far filled with a solution of sesquichloride of iron, that its 
surface was bounded by a circle of 85®“ diameter, was placed on 
the polar pieces, so that it touched their extreme points. The circuit 
being closed, the surface of the liquid seen from above, formed 
an ellipse, whose major axis, 40®®long, fell in the equatorial 
plane, and the minor, 25®“ long, in the magnetic axis. In the 
centre the liquid was elevated more than 1®“, so that it formed 
a convexity about the equatorial plane. ' The distance of the poles 
being increased to 8®®, the elliptic form was converted into an 
ovalj and at 15®®, and even more decidedly at 23®®, the longer 
axis of this figure coincided with the magnetic axis. Solutions 
of protochloride, and of sulphate of protoxide, of iron and of nitrate 
of protoxide of nickel exhibited similar, but weaker, actions. If 
the liquid contained in the watch-glass were diamagnetic, it was 
seen to extend itself in the axial, and to contract in the equa- 
torial direction, forming a depression about this latter plane. 
Pliicker is of opinion that a method may be founded on the 
observations here desc^jibed, not only of discovering the slightest 
trace of magnetism or of diamagnetism, but also of measuring 
the strength of both. He proposes the following apparatus for this 
puipose. An open parellelopipedic box of thin brass is inserted 
between the vertical surfaces of the polar pieces. Into the lower 
part of one of those surfaces, which are perpendicular' to the 
equatorial plane, there is cemented a glass tube which rises gradually 
outwards. The box being filled partly with a diamagnetic or 
with a magnetic liquid, dh the circuit being closed, tbe level in 
the glass tube is seen to rise in the first case, and in the second to 
fall. 

If the experiments on the direction assumed by bodies between 
the magnet-poles, are not conducted in vacuOj the results obtained 
are only relative, t, e. a magnetic body may arrange itself equato- . 
rially,- or a diamagnetic axially, if it is less strongly endued with its 
peculiar property than is the sun^ounding medium. We need but 
remember the observations of Faraday, according to which a 


(1) Pogg. Ann. LXX, 567. 
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solution of green vitriol^ enclosed in s glass. tube^ and immersed in a 
more dilute solution of the same salt^ assumed an axisd position; but 
in a more concentrated, an equatorial. The magnetic behaviour of 
gases must be conceived entirely under ^this view, if the experiments 
cannot be made in vacuo. The method of observation adopted by 
Faraday had indeed prevented him at first from recognizing the 
magnetism of gases ; he believed that they should be placed at the 
zero-point of the magnetic scale. However, the remarkable pheno- 
mena presented by fiames between the magnet-poles, which, disco- 
vered by Bancalari, and confirmed and pursued into detail by 
Zantedeschi(l), and by Faraday, led the English philosopher to 
a new series of researches (2), which elicited unequivocally the dia- 
magnetic and magnetic properties of the gases, which, moreover, 
have been confirmed in all essentials by Fliicker. Faraday 
passed the gases through a curved tube, into the middle of the 
space^ between the polar surfaces, upwards if they were lighter, 
downwards if heavier than atmospheric air. In the escape-tube was 
placed a piece of bibulous paper moistened with hydrochloric acid ; 
three receiving-tubes, open at both ends, were placed in the equa- 
torial plane, of which one was vertical, and directly over the mouth 
of the delivering-tube, ‘ the two others being respectively right and 
left of the axial line, and somewhat inclined outwards ; these three, 
each being provided with a piece of pap^ moistened with am- 
monia, served to indicate the direction tak^ by the stream of gas. 
Walls of glass surrounded the field of observation so as to exclude 
interfering currents. A current of nitrogen gas, f. i., sent upwards, 
passed directly across the axial line into the receiving-tube placed 
over it. On the magnet being set in action, part of the gas-current 
immediately appeared in the side-tubes. If the stream passed, at 
first, somewhat at the side of the axial line, it was defiected entirely 
by the magnetic action into the nearer lateral tube, being repelled in 
an eqiqllorial direction, — it therefore behaved as a diamagnetic in 
atmospheric air. Hydrogen, carbonic acid, carbonic oxide, protoxide, 
binoxide, and teroxide of nitrogen, olefiant-gas, coal-gas, sulphurous, 
hydrochloric, and hy^ipdic acids, terfiuoride of siliciuin^ mercury- 
vapour, steam, ammonia, chlorine, iodine, and bromine . — K stream of 
of oxygen, which, in the air, passed downwards between the poles, 




(1^ PhU. M^. [3] XXXI, 421 ; Pogg. Ann. LXX, 286 ; Instit, 1848. 

(2) PhU. Mag. [3] XXXI, 401 } Pogg. Ann. LXXIII, 276 ; Inatit. 1848, 13, 24. 
VOL. I. O 
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made, by the influence of the magnet, to approach the axial 
p^rt^of therefore, behaved magnetically in atmospheric air. 

^mattfr. This property seems to he still active in its combinations with 
nitrogen, since these appear to be less strongly diamagnetic than pure 
nitrogen. Faraday found, on substituting other gases for the 
air surrounding the gas-current, that atmospheric air, oxygen, and 
binoxide of nitrogen appeared magnetic in carbonic acid, in which, on 
the contrary, nitrogen, hydrogen, coal-gas, olefiant-gas, hydrochloric 
acid, ammonia, carbonic oxide, and protoxide of nitrogen were 
diamagnetic. In coal-gas, common air, oxygen, and even nitrogen 
are magnetic ; in hydrogen, air and oxygen are magnetic, the other 
gases being diamagnetic. 

Faraday ascertained, by placing in the mouth of the escape- 
tube, a spiral platinum wire, which could be heated at pleasure by 
the electric current, that, by raising the temperature, the diamag- 
netism of the gases could be exalted. A hot stream always behaved 
as decidedly diamagnetic in a colder medium homogeneous with 
itself. By this single experiment, all the phenomena of flames 
observed, and repeatedly varied by Zantedeschi, by Faraday, and 
by Pliickcr, arc explained. If the flame stands near the axial line, 
it is driven into an equatorial position by the. magnetism, the flame 
being so much the more compressed between the poles as these 
approach more nearly to each other. It expands itself in the form 
of a fish-tail, and at4ast becomes cloven into a bifurcated form. 
The flames serve but to render visible the diamagnetic deportment of 
the hot current. The same phenomena arc observed, in even 
greater regularity, with the smoke-current of a smouldering taper, 
of a pastile, or of the flame of oil of turpentine. — Incidentally to 
his researches on the diamagnetism of gases, Pluckcr(l) describes 
an experiment on the diamagnetism of gases, which seems to him 
to prove that the air in the neighbourhood of the pole becomes 
rarified by the repulsive power of the magnet. lie placed between 
the poles a vessel of brass plate, which fitted tightly upon their 
surfaces, so that it occupied the entire space between them. The 
vessel was closed air-tight, a glass-tube of 1"*® diameter, being let 
into the centre of one of the side-surfaces, in a horizontal direction. 
By a drop of alcohol placed in this tube, the enclosed air was sepa- 
rated from the outer atmosphere. The magnetism was now excited 
by 12 of Grove’s cells, at the same instant the alcohol-drop 


(1) Pogg. Ann. LXXIII, 579. 
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moved towards the mouth of the tube, and instantly returned to 
its former position on the voltaic contact* being broken. p^eityof 

Pliicker(l) has employed a peculiar method of his own to com- matter, 
pare the magnetic power inherent in equal weights of different 
substances, and to observe its alterations under vai*ying temperatures. 

A watch-glass is filled with the substance to be examined, of which 
all excess is removed by sliding over it a ground glass plate, which 
forms a close cover to the watch glass. It is set in a thin ring of 
brass, which hangs from one end of the beam of a balance, in w’hich 
there is no iron except at the axis. The watch-glass rests on the 
two rounded ends of the polar pieces of an electro-magnet, on a 
single point of each. If it is filled with a magnetic substance, it is 
attracted on the induction of the magnetism ; the scale hanging 
at the other extremity of the beam is now charged with fine sand or 
small bits of paper/ until the watch-glass is detached from the poles ; 
the weight of the counterpoise thus added is in each case the 
measure of the magnetic force. The watch-glass and the brass ring 
together, form a magnetic system, which is attracted, more weakly, 
however, when filled with a diamagnetic substance. The diminu- 
tion of the attraction gives in this case the measure of the diamag- 
netism of the substance under experiment. — The magnetic and 
diamagnetic bodies are placed in the watch glass, either in solution, 
or as powder mixed with lard to a homogeneous mass. In this 
manner the proportions of the magnetic powefe, for equal weights, or 
for the equivalent weights of the bodies, may be measured, provided 
that the substance is not so closely packed, that the magnetic induc- 
tion of the particles on those next to them can exert any appreciable 
influence ; for only in this case can the total attraction be propor- 
tional to the number of attracted molecules. The total attractions 
of the magnet on four solutions of protochloridc of iron, in which the 
quantities of the uniformly distributed magnetic substance were in 
the ratios 8 : 4 : 2 : 1, were found to be in exactly the same 
numerical proportion, so that, here, it is evident that no disturbing 
actions of induction were introduced. Experiments with iron filings, 
which were placed in the watch-glass, at first, alone, then mixed with 
lard, proved that the inductive actions, where they occur, diminish 
the total attraction, provided that the scale-pan touches always the 
surfaces of both polar pieces. We select the following(2) from his 
numerous results : 


(1) Pogg. Ann. LXXIV, 321 ; LXXV, 177 ; Arch. Ph. Nat. IX, 308. 

(2) Ibid. 343, 353, 35G. 
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MAGNETIC ATTRACTION 


Iron 

Magn^c iron ore 
Seswiioxide of iron, 1. 

>t f» IL 
«Iydrated sesquioxide 
Green vitriol 


100000 
40227 
. 500 

. 286 
. 156 

. 78 


Nitrate of sesquioxide of 
(satur.) . 

Hydrochloric acid 
Sulphuric acid 


34 

98 

58 


FOR EQUAL WEIGHTS. 

Sesquioxide! Nitric acid 
of iron L Hydrochloric add 
dissolved in J Sulphuric acid . 

Iron in a solution of sulphate of 
sesquioxide of iron 
Protoxide of nickel . . 

Hydrate of protoxide of nickel 
„ „ sesquioxide of manganese 

Proto-sesquioxide of manganese 
Manganese in its proto-sesquioxide 


287 

516 

332 

474 

35 

106 

70 

167 

232 


The dissimilarity of these values for the sesquioxide of iron pre- 
pared in various ways, sufficiently proves the irregularity of the 
results. Pliicker ascribes the discrepancy to the presence of pro- 
toxide; being, however, still uncertain what number should be 
considered as corresponding to pure sesquioxide of fron. Since the 
magnetic power of a chemical compound may be considered cither as 
belonging to the compound as such, or only to one of the consti- 
tuents in the pure state, we must consider under this view the 
magnetic forces represented in the above table, f. i., those calculated 
for the sesquioxide of iron, and for the iron in the saline solutions. 
Pliicker points it out as especially deserving of attention, that, in 
the solutions of the salts, the original magnetism of the sesquioxide 
is riot weakened by the association of the acid, that the magnetism 
of the protoxide of nickel is increased about fourfold by the addition 
of the water of hydration, and that in the case of manganese the 
protc^-sesquioxide, which is formed by the ignition of the hydrated 
sesquioxide, is considerably more magnetic than the hydrate, as is 
also the ci^e with the con'esponding iron-compounds. 


DIAMAGNETIC REPULSIONS FOR EQUAL 



Volumes. 

Wdghts. 


Volumes. 

Weights. 

Water 

100 

100 

Satur. solution of fer- 



Alcohol 1. (0-813) . 

93 

114 

- rocyanide of potas- 



Alcohol 11.(0-851) . 

122-5 

143 

sium 

86 

70 

Ether . . . ^ . 

. 93 

127 

Purified chloride of 



Bisulphide of car- 



sodium, powdered 

— 

79 

bon ..... 

129 

102 

Teroxide of bismuth, 



Sulphuric acid . . 

1 64 

34 

- powdered . . 



35 

Hydrochloric add . 

114 

102 

Sublimed sulphur 


71 

Nitric add . . ^ 

71 

48 

Oil of turpentine 

107 

123 

Ox-blood, beaten 



Mercury . . . 

314 

23 

up ; . . . . 

122*5 

— 

Phosphorus . . . 

172 

100 


It is difficult to understand on what grounds Pliicker inferred 
from these experiments and their results, that a simple relation 
exists among the numbers of the second column in the above 
table. 
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It was considered^ till lately, ss an established fact, that the 
magnetism of steel magnets was entirely destroyed by a white heat, 
and that at this temperature, even iron no longer obeyed the attrac- »natter. 
tion of the magnet. Pouillet, indeed, had stated that cobalt re- 
mained magnetic even at a very high temperature, but that, on the 
contrary, the magnetism of chromium disappeared at a heat some- 
what below redness, that of nickel at 350^, and of manganese, at 
25® or 20® below 0®. Recently, however, Faraday has found by 
experiments with powerful electro-magnets, that even white-hot iron, 
and nickel heated far above 850®, still followed the attraction: 
and Plucker(l) has more closely examined the behaviour of the 
magnetic and diamagnetic properties under increasing temperature. 

A porcelain scale-pan suspended from a balance, precisely in the 
manner above described, over the two polar pieces, was filled with 
the substance, and heated, and during the cooling the weight 
necessary to detach it was frequently determined, while the tempe- 
rature was read off from a thermometer immersed in the substance. 

The experiments with nickel extended over temperatures from 340® 
to 32®; those with bismuth from 311® to 148®. The behaviour 
of these metals may be taken as typical, respectively, of the two 
classes of magnetic bodies. The curve, of which the abscissae are 
formed by the temperatures, and the ordinates by the intensities of 
the attraction, is, for nickel, at high temperatures convex to the axis 
of the abscissse, which forms an asymptote to it, — a condition which is 
irreconcilcable either with an absolute extinction of the magnetism, 
or with a transition to diamagnetism. At 850®, the magnetic 
force of nickel is at least 35 times less than at 50®. The mag- 
netism decreases most rapidly between 225® and 300® ; at 275® the 
curve has a point of flexure, and is therefore, at lower temperatures, 
concave towards the axis of the abscissse. The diamagnetic curve of 
bismuth is very similar to the foregoing, only that the rapid 
decrease of the force occurs here within narrower limits, between 
245® and 255®. 

Faraday considered that it might be concluded from his experi- 
ments, that by an appropriate mixture of magnetic and diamagnetic 
substances, a perfectly neutral body might be produced; Plucker(2), 
however, has been led by his observations to an opposite conclusion. 

A piece of carbon assumed an equatorial position between the polar 
points, when placed as close together as possible, but an axial, when 

(1) Pogg. Ann. LXXV, 177. 

(2) Ibid. LXXII, 243; LXXIII, 617 ; LXXIV, 362; LXXV, 413. 
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farther separated. With a certain arrangement of the 
pSperty of carbon plaeed itself axially, when the current proceeded from 

matter, a Single Grove^s cell ; it took up a determinate mean position, at an 
angle of 40® with the axis, when three cells were used ; with seven it 
stood exactly equatorially. A piece of bismuth suspended in equili- 
brium in a balance at a distance of 8*5““ was repelled diamagneti- 
cally, when the magnetism was induced by the action of eight cells, 
with four it was magnetically attracted. When a single cell was 
employed, the magnetic power was considerably stronger. Plucker 
concludes from these experiments, that the diamagnetism increases 
more rapidly than the magnetism, with an increasing power in 
the electro-magnet; and he considers it to be quite indilferent, 
whether the increase of the intensity arises from the employment of 
a greater number of cells, or from a closer approximation to the 
poles. If these results are perfectly accurate, no absolutely neutral 
body can exist : for a body which behaves as neutral at any given 
distance, will be magnetic at a greater, diamagnetic at a less 
distance. 

The following experiments of Poggendorff and Weber(l) 
have proved that diamagnetic repulsion can be exerted by the 
galvanic current, even without the intervention of iron; they offer 
at the same time a means of absolutely measuring the diamagnetic 
power. For these experiments a wire«coil was used, which being 
adapted especially for other objects, did not combine exactly the 
conditions most convenient for diamagnetic observations. A copper 
wire, one Parisian line in thickness, and weighing three hundred 
pounds, was wound on a wooden reel of 600““ diameter, and 200““ 
length, so that the innermost spiral contained 1900““ of wire, 
and the outermost 2350““. In the interior of the coU a bar of 
bismuth of 308*6 grammes weight, 14““ thickness, and 210““ length, 
was suspended by some fibres of uuspun silk, so that it formed 
an angle of 45® with the plane of the convolutions of the coil, 
which was placed parallel to the magnetic meridian. One end 
of the bar carried a plane mirror, in which the image of a scale 
2340““ distant was observed by means of a telescope. The oscilla- 
tions of the needle having been observed for some time, and it 
having been found that the position of equilibrium was variable, 
quite independently of magnetic influences, the helix was connected 
with a GtoVe^s battery of twenty-four cells, in which platinized lead 


(1) Bcrl. Acad. Bcr., August, 1818; Instit. 1810, 60. 
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was substituted for platinum, the nitric acid being mixed with a "a 
strong dose of sulphuric acid ; the contact was maintained till the 
bismuth bar had completed two oscillations.' During the two next matter, 
oscillations the circuit was opened, and so on alternately. The mean 
of several experiments shewed an approach of 44*545 divisions of the 
scale, or 0®*32', of the position of equilibrium of Ijie bismuth bar to 
the plane of the convolutions, whereby the diamagnetic action of the 
galvanic current was unequivocally proved. The duration of the 
oscillations of the bar was 168 sec., its momentum of inertia, taking 
the millimetre and the milligramme as the unit, A:= 1,176,000,000, 

TT® 

therefore, the directive force of the needle D = ^ A; =41 1*400, and 


44*545 

the deflecting force of the current F = — D = 3903 ; (the dis- 
tance of the graduated scale from the mirror was 2347 divisions 
of the scale). — This deflecting power is equal to the product , of 
the diamagnetic momentum of the bismuth rod. A, into the 
sine of the angle which it makes with the axis of* the coil, 
and multiplied by the product of the momentum of action F 
of the galvanic current, on a body in the centre of the coil, 

2 G 

into the cosine of the angle — We have, however, /' = -^,if G 


denotes the, galvanic momentum of ^e current and R the semi- 
diameter of the coil; and since R has been found = 340““, and 
G, by the known method from the deflection of a magnet-needle, = 
1,170,000,000,000, r = 596, and, from the equation F A sin. 0 
cos. <#>=3903, we get A =13*1. To the unit of the galvanic momen- 

13*1 

turn corresponds then a diamagnetic momentum 

and, therefore, for the weight-unit of bismuth, we have a mo- 


mentum = 1 4 006 60 0^ while !“**■• of strongly magnetized steel 

contains about four hundred magnetic units. The horizontal Compo- 
nent of the terrestrial magnetic force being =1*84, it produces in 
the weight-unit of bismuth a diamagnetic power about 3000 million 
times weaker than the magnetic power of the weight-unit of strongly 
magnetized steel. 

Faraday had, indeed, expressed the opinion that the excitation of 
diamagnetism might depend upon the induction of electric currents; 
however the apparently perfect absence of true polarity in diainag- 
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bodies led him to reject this notion. Only after Reich(l) had 
pro^iSof ®bewn that diamagnetic substances were really repelled from either 
matter, pole of a magnet taken separately^ but, that, when both poles were 
emiployed together, only the difference of their power exerted any 
action, — did Weber (2) return to the above-mentioned opinion of 
Faraday on the origin of diamagnetism ; and he nOw succeeded in 
proving, in the following manner, the polarity of diamagnetized 
bodies. He placed a piece of bismuth in the plane, which bi- 
sected at right angles a small symmetrically magnetized needle, 
suspended from a cocoon-silk fibre, so that the poles of the needle 
had no sensible influence on the diamagnetic state of the piece 
of bismuth, which was fixed at some distance from it. He then 
placed a strong horse-shoe magnet, so that the place already occu- 
pied by the bismuth lay in the free space between its two poles, 
and so that its magnetic axis bisected the needle. The momentum 
of rotation due to the horse-shoe magnet was directly compensated 
by a magnet-bar placed in opposition to it, so that the needle was 
free to ob^ the action of the terrestrial magnetism. If now the piece 
of bismuth was moved downwards between the poles, the needle was 
immediately deflected; if the poles of the magnets, whose actions on 
the needle were mutually compensated, were reversed, the bismuth, at 
the same place, and in the same position, now produced the opposite 
deflection. If iron was substituted for the bismuth, the deflections 
were now, under similar circumstances, exactly the converse. Pog- 
gendorff(3) and Pl\icker(4) have also described experiments which 
go to prove the polarity of diamagnetic bodies. Poggendorff recom- 
mends among other means, a small bar of bismuth, suspended between 
the poles of an electro-magnet, within a cylindrical wire-coil, whose 
axis is directed equatorially. So long as the electro-magnet is 
out of action, a current passing through the coil docs not affect 
the bismuth ; but as soon as* the electro-magnet is excited, a de- 
flection to the right or left, according to the direction of the 
current, is observed. The bismuth bar is, therefore, under these 
cirSbmstances, transversely magnetic in the equatorial position, so 
that the poles of the bismuth arc presented to the analogous 
poles of the magnet. 

A peculiar action of the magnet-poles, on bodies of organic 
structure, as well as on the optically uni- and bi-axial crystals. 


(1) Pogg. Alin. LXXIII, 60 ; Phil. Mag, [3] XXIV, 127 ; Instit. 1849, 119. 
(2Ubid.241. (3) Ibid. 475. . (4) Ibid. 613. 
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has been discovered by Flucker(l). Bodies of organic texture 
place the axes of their grain^ as^ f. the direction of the fibre of 
wood^ &c.^ equatorially. Experiments with tourmalines^ with double* 
refracting spar^ rock-crystal^ zircon^ beryl^ emerald^ idocrase^ and 
corundum^ prove the existence of a repulsive action^ which is 
directed upon the optic axes of these uniaxial media^ and is 
always exerted if it is not masked by a predominating magnetic 
attraction. Experiments with mica^ which behaves magnetically, 
and with topaz and sugar, which are diamagnetic, showed that 
there* is an equal repulsion of the axes of optically biaxial crystals. 
In the case of Brazilian topaz, arragonite, saltpetre, Glaubers^ 
salt, &c., which are diamagnetic, and crystallize in prisms, whose 
axis coincides with the optic medial line, diamagnetism concurs 
with the repulsion of the axis, in determining an equatorial 
position. However, Pliicker ascertained distinctly the presence of 
the latter by the variation of the torsion-moment, which occurred 
according as the suspending fibres hung perpendicularly to the 
plane of the optic axes, or as they lay in this plane in the direc- 
tion of the medial line, or of the supplementary line. Pliicker 
has shown with a crystal of staurolite, that, in a perfectly opaque 
crystal, whose external form is entirely obliterated, the position of 
the optic axes may be discovered by means of the magnet. He(2) 
farther found that a glass cylinder rapidly cooled, comports 
itself between the magnet-poles as a uniaxial crystal, — ^the axis of 
the cylinder assuming the position of the optic axis. 

Oersted(3), in a research on diamagnetism, has confirmed many of 
the earlier additions to our knowledge in this direction, especially the 
observation of Pliicker, that the same bodies which arrange them- 
selves equatorially between the poles when sufiiciently near to each 
other, assume the axial position when they are raised above or 
placed below the axial line, or even^when the poles are removed 
to a certain distance from each other. Oersted states that ,dia- 
magnetic actions are also observed in bodies whose entire mass is 
attracted by the pole, that is, in such as have been hitherto con- 
sidered as magnetic. Oersted is therefore inclined to divide 
diamagnetic bodies into such as are attracted, and such as are 
repelled; of the first he observes, that in the neighbourhc||d of 
one of the polar edges they arrange themselves parallel to it, 

(1) Pogg. Ann. LXXII, 315. (2) Ibid. LXXV, 108. 

(3) Ann. Ch. Phys. [3] XXIV, 424 ; Phil. Mag. [3] XXXIV, 81 ; Pogg. Ann. LXXV, 
445 ; Instit. 1848, 326, (more at length), 1849, 92 ; Arch. Ph. Nat. X, 49. 
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iism^ai'a induction of the magnetic power is transverse in them, 

propertyof diamagnetic bodies generally, with this difference however, 

matter, that the poles of the needle are directed towards the electro- 
magnet-poles of the opposite denomination. 

The theory of diamagnetism is, as may be readily conceived, 
not yet elaborated. Weber(l) has subjected to an experimental 
test the opinion that the induction of diamagnetism depends upon 
molecular currents. If the currents of Ampere are present in 
diamagnetic bodies, which are moved or rotated under the influence 
of a strong magnet ; then, at the moment of this action, a current 
must be induced by them in neighbouring conductors, which indeed 
must be extremely weak, and can only be observed if the power of 
the strong magnet is constant, so that no disturbing inductive action 
should occur. Upon the circular terminal surface of a straight 
iron core was placed an induction-coil of 300 .metres of copper 
wire, enclosing a space 140““ long, and 15““ wide. A bar of 
pure bismuth fitted into this space, and, the iron core being kept in 
as constant action as possible, was alternately pushed down into 
it, and drawn out; while the commutator, to which the extremi- 
ties of the induction-coil passed, was each time inverted; the 
wires of a sensitive galvanometer terminated in the same commu- 
tator. In a second series of experiments, the commutator was 
placed in positions exactly the converse, on the entrance and 
removal of the bismuth bar. In a third series the positions of 
the first were repeated, and so on. The comparison of the mean 
value of the results of each different series from the second to 
the sixth, with the mean of those immediately preceding and 
succeeding it, gave the following results : — 

2. 514*02 = 516*82 — 2*80 

3. 518*72 = 515*53 + 3*19 

4. 517*04 = 520*36 — 3*32 

5. 522*00 = 518*47 + 3*53 

6. 519*90 = 525*43 — 5*53 

which place beyond doubt the induction ‘of a current thi’ough 
the bismuth, since the mean value for the one position of the 
commutator is, throughout, invariably greater than for the other. 
Counter experiments, with a small iron bar, showed that bismuth and 
iron, under similar circumstances, induce opposite currents, whence, 
it follows, that the molecular currents also in the bismuth are in 
a direction opposite, to those in the iron. The reason why these 

(1) Pogg. Ann. LXXlII, 247. 
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currents circulate in diamagnetic bodies in opposite directions to a 
those in magnetic, is certainly still in 'obscurity. Weber thinks 
that, whereas hitherto only already existing molecular currents matter, 
have been considered, to which the induction gives a uniform di- 
rection, we may assume, for the explanation of the phenomena of 
diamagnetism, the excitation of molecular currents, which, once 
set up, continue until they are cancelled by the action of a 
new antagonist induction. 

Zantedeschi(l) reports — Istly, that magnetism is far more 
diffused over inorganic nature than Faraday has assumed; 2ndly, 
that all organic bodies are diamagnetic; 3rdly, that repulsion 
between molecules depends on diamagnetism, and 4thly, attraction 
between them on magnetism; that, therefore, chemical combina- 
tions of magnetic elements must be much more stable than of 
diamagnetic. 

A treatise by De Haldat(2) enlarges upon the universality of 
magnetism. 


ELECTRICITY. 

eoniiiictinsr Power of Flame. — It has been long known, that 
flame possesses a property subversive of electricity. Whoever 
is engaged in electrical experiments avails himself of this property, 
to rid plates of resin, and handles of glass or shellac, of ad- 
hering electricity. With respect to the cause of this behaviour, 
the labours of distinguished physicists for upwards of one hundred 
years have only established thus much, — that flame possesses a 
very strong conducting power for electricity, which can neither be 
explained merely by the rise of temperature of the air, nor by any 
conducting property of the aqueous vapour contained in the hot 
air of the flame, nor by a current of air, or a removal of elec- 
tricity by the volatile particles that rise from the flame ; for not 
one of these influences by itself evinces the conducting-power in so 
high a degree as flame. However, Volta made use of the flame 
of a lamp to draw electricity from the air, and collect it in his 
condenser. 

(1) Instit. 1848, 102. 

(2) Conipt. Rciul. XXI f, 739; Instil. 1846, 143; Ann, Ch. Phys. [3] XIX, 113 ; 
Phil. Mag. [3] XXX, 319. 
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A few jrears since^ Bies8(l) observed that the action of flame 
extends over much greater distances than does the upward current 
of hot air, or thian this could make the air conductive; and that 
it extends in directions (f. i. laterally from the . flame) in which 
this current does not move at all. From this he concluded that 
the flame acts not only by direct communication, but also by induc- 
tion (influence), and hence endeavoured to reduce the effect of flame 
to that of points. He started from the consideration, that the 
current of hot gas ascending from the flame, and conducting the 
electricity, was repeatedly cut into and divided by the cold air 
(which does not conduct electricity) streaming upon and penetrating 
it, so that there are formed points and threads as it were of the 
conducting gas^ which become more and more attenuated, and are 
gradually dispersed through the air under the influence of the 
colder surrounding medium. These serrations and points now exert 
their powerful influence in inducing electricity in all directions and 
to considerable distances, producing by this means precisely the 
effects of good conductors. 

The action of points is also exhibited by substances that do not 
burn with flame, but merely smoulder, as tinder, slow-match, wicks 
or pastiles ; Biess proves, however, that in this case, when they cannot 
be caused by the ascent of incandescent gases, they originate in the 
combustion at the surface of the body itself (2). 

Several objections that had been made by van Bees(3) against 
the mode of explanation given by Biess, have led, within the last 
two years, to a scientific dispute between these two physicists, in 
which the latter had the advantage, and which has considerably 
increased the probability of his explanation (4). 

Means of luBuiation. — ^According to communications of Mat- 
teucci(6) the insulating property of dry gases diminishes perceptibly 
even within the interval of temperature from — 10® to + 20®. 

Shellac and sulphur likewise commence to conduct electricity even 
at .26®— 30®. 

Biess(6) has remarked that shellac-sticks, freshly prepared, retain 
electricity much better than after a few days. This results from 
the agency of the atmosphere and from other inevitable influences on 


(1) BerL Acad. Ber. Febr. 1844; Fogg. Ann. LXI, 543. 

(2) Fogg. Ann. LXI, 558. 

(3) Het institut of venlagen, etc. 1846, 62. 

(4) Fogg. Ann. LXXI, 568 ; LXXIII, 41, 307 ; LXXIV, 879, 580. 

(5) Compt. Rend. XXV, 324, 935. 

(6) Fogg. Ann. LXXI, 372. 



ELECTRICITY. 


205 


the surface of the shellac. The use of the sticks^ their repeated 
exposure to the point of the spirit-flame— ^to make them- non- 
electric— also tends to hasten the deterioration. Such sticks as 
have become unfit for use may be restored perfectly to their 
original state by washing them with alcohol. For tins purpose 
they are slightly moistened with strong alcohol (spec. grav. 0*81), 
wiped with a linen cloth^ passed through a fiame^ and left to dry in 
a glass bell. 

Until lately we were almost exclusively restricted to the use of 
shellac for efficient insulation^ as glass^ or even silk^ very easily be- 
come conductive by reason of their property of attracting moisture from 
the air. Within the last year (1848), Faraday(l) has drawn the 
attention of physicists to the highly insulating power of gutta percha, 
which not only possesses this property under ordinary circum- 
. stances, but likewise retains it under atmospheric conditions which 
would make the surface of glass a good conductor. A good 
piece of gutta percha insulates as perfectly as shellac, whether it be 
in the form of a disc, a stick, or a thread. It is, moreover, tough and 
pliable in the cold, soft in the heat, and hence preferable in* many 
cases to the brittle shellac. In the form of straps or cords, gutta 
percha presents an excellent means of suspension, and in plates it 
furnishes the best insulating supports. It forms excellent insulating 
stoppers for the ends of gold-leaf-electrometers if enclosed in tubes; 
larger stoppers furnish good insulating stuffing for temporary electri- 
cal arrangements. Cylinders of half an inch or more in diameter, 
possess great rigidity, and form excellent insulating supports. 
This good insulation, moreover, fits it admirably for exciting negative 
electricity. 

All the gutta percha of commerce does not insulate equally well. 
If, however, a conducting-piece be warmed in a current of hot air, or 
in a glass over a spirit-lamp, then spread out and kneaded for some 
time between the fingers, as though the moisture it contains were to 
be pressed out, as good an insulator as possible is obtained. 

A ^degree of insulation no less than that of gutta percha is 
possessed by collodion, — the residuary substance obtained by the 
evaporation of an ethereal solution of gun-cotton. If the clear 
solution be spread over a glass plate, there remains, after entire 
volatilization of the solvent, a transparent cuticle, which, by merely 
passing the hand over it, or, more effectually, by friction with wool, 
becomes negatively electric, and obstinately retains this electrical 
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(1) Phtt. Mag. [3] XXXII, 165 ; Pogg. Ann. LXXIV, 154. 
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state. With regard to its chemical constitution^ it is identical 
with the electric paper first pre^>ared by Sch6nbein(l). Balloons 
of collodion (see article on this subject) are particularly adapted for 
the institution of the fundamental experiments on electrical attraction 
and repulsion. 

Hiectrometry. — A few years ago^ Biess made known some electrical 
mea8urements(2), which he had obtained by Coulomb's torsion- 
balance. At that time, he pointed out that the management of this 
important instrument (which since Coulomb's time has been little 
used, but found fault with by many on account of various imperfec- 
tions) was by no means so difficult, nor the attainment of good and 
concordant results with it by any means so uncertain as many physi- 
cists, from pnejudice, and frequently, perhaps, in consequence of 
imperfect construction of the apparatus, appear to believe. In an 
instructive Memoir, On the determination of electric densities by., 
the torsion-balance" (3), he returns once more in detail to this 
subject. He discusses the different methods of determination that 
may be employed, and . the calculations occurring with them, and 
shows the degree of certainty of each separately. He enumerates 
the various arrangements and precautionary measures which isfeciue 
the success of the experiments, and by which the numerous influences, 
on which depends the more or less rapid dispersion of the elec- 
tricity communicated to the test-body, may be, if not entirely elimi- 
nated, at least referred to their causes and taken into account. 
A very complete description, illustrated by plates, of the torsion- 
balance employed by Biess, will facilitate the construction of 
similar instruments in any place. 

B. Kohlrausch(4) of Binteln gives a minute description of an 
electrometer constructed by him, according to Oersted' s(5), and 
to Dellmann's(6) principles, improved however in several points, 
by which, without any loss of delicacy in its indications of electricity, 
it becomes at the same time a real measuring instrument. The 
apparatus is actually nothing but the torsion-balance, differing however 
from the usual one of Coulomb, by being more adapted to m^sure 
electricities of low tension, but available in large quantities (f. i. the 
tension at the poles of a voltaic battery) ; while the latter is preferable 


(1) Pogg. Ann. LXVIII, 159. (2) Berl. Acad. Ber. Febr. 1844. 

(3) Berl. Acad. ^er. 1847, 148 ; Pogg. Ann. LXXI, 359. 

(4) Pogg. Ann. LXXII, 353 ; LXXIV, 499. 

(5) Ibid. LIII, 612. 

(6) Ibid. LV, 301. 
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for measuring the effects of very small quantities of electricity of 
great intensity. The more minute arrangement of the apparatus 
cannot be rendered intelligible without a drawing. 

Condenser. — Kohlrausch(l) combines with this instrument a pe- 
culiarly constructed condenser, which is certainly somewhat com- 
plicated, though apparently well adapted for amving at comparable 
results, and therefore useful ; by its aid, he has succeeded in mea- 
suring the electric tensions of simple voltaic circuits with the same 
accuracy with which their electromotive powers may be determined. 
Kohlrausch found the electric tension of the open voltaic pile, the 
number of elements being gradually altered, very accurately propor- 
tionate to the number of the elements employcd(2). He has likewise 
measured the electric tension of various closed constant circuits at 
the moment of breaking contact, and compared with it the simulta- 
neous electromotive power, which was likewise measured. He found, 
as anticipated, the most perfect proportionality between the two 
series of experiments (3). 

Kohlrausch recommends, for preserving the plates of the con- 
denser out of conducting communication, the old form of appliance 
already described by Volta, viz. that of three insulating points.* 
For this purpose both plates are provided, at three corresponding 
points near the margin, with a film of shellac varnish. SmaUi^ 
thin pieces of shellac are then melted on to the lower plate 
at the three places by application of heat below the plate, and 
after cooling, shaved off as much as requisite by means of a sharp 
knife. The arrangement must be so made, that both plates are 
always in contact with each other in exactly the same position, 
and that the upper one may be lifted off quite parallel from the 
lower one. According to Kohlrausch, by this arrangement, the 
condensing power could be increased to 260 times the quantity of 
electricity that the collector-plate, separated from the condenser-plate, 
was capable of taking up from the same source. 

To perfect the theory of the condenser, Biess(4) has conducted 
a very elaborate experimental research. The apparatus which he 
employed consists of two plane brass discs 81*6 par. lin. in diameter, 
thick, with the margins rounded off. They are provided on the 
central point of one surface with cylindrical arms, terminating hemi- 
sphericjdly, of 14^"' length, and 11-aV thickness. These arms are 
perforated through the axes, so that a conducting channel may be fixed 

(1) Pogg. Ann. LXXV, 88. (2) Ibid. LXXV, 94. 

(3) Ibid. LXXV, 220. 

(4) Ibid. LXXin, 367 ; fieri. Acad. Ber. 1847, 465 ; Instit. 1848, 217. 
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’ therein by means of a binding screwj and have^ at right angles with 
the axis^ a hollow into which is connected a glass rod V' 2"' long^ 
covered with shellac. The discs are fastened perpendicularly on a 
board by means of these glass rods and appropriate feet. The one^ 
the cOndenser-plate, moves on a hinge^ by which means it may 
be turned from the vertical position to one below the level of the 
stand; the other disCj the collector-plate^ stands on a slide^ traversing 
on a horizontal prism, which is provided with a scale, and on which 
it may be fixed at will. The free surfaces of the discs could thus be 
brought into contact, and removed from each other in the direction of 
their axes; they form, therefore, when apart, a condensing appa- 
ratus, in which the insulating layer consists of air. When in use, 
. the arm of the condenser-plate was provided with a horizontal 
brass wire, terminatmg in a small ball, which could be placed in 
conducting connection with the ground. After the collector-plate 
had received electricity, the condenser-plate was moved down, and 
the condensation, i. e. the altered arrangement of the electricity on 
the first plate, cancelled. 

A copper wire of i'" thickness, and 8" 6"' length, fixed to the 
arm of the collector-plate, leads to a brass ball of 7'" thickness, 
resting on a separate glass foot, covered with shellac, and forming the 
•end of the conducting-wire of the collector-plate. If the latter, stand- 
ing alone or opposite to the condenser-plate, was charged with electri- 
city, the fluid began to escape into the air, at different intensities of 
charge, according to the condition of the air, but always first from the 
ball, so that the electric density on the latter, at which the emanation 
commenced, always denoted the maximum charge of the instrument. 

Electricity was now imparted to the collector-plate, by touching the 
extreme point of the ball with the knob of a charged Leyden jar(l), 
the electric intensitji at the same point of 4^he ball being measured 
with the torsion-balance, first when thi collector-plate stood alone, 
and then with the condenser-plate at different distances from it. The 
gradual loss of electricity, during the performance of these experi- 
ments, was taken into account accordini; to the method described by 
Biess(2), in his Memoir on the Torsion-Balance. 

Thus, for instance, the intensity, while the condenser-plate was 
removed, being taken as unit, the following numbers were found : 

Distance of the plates eo 60"' 20"' 15"' 10"' 6'" ,4'" 3'" 2"' 

Intensity at centre of 

eoUector-pl&te . . 1 0-897 0*683 0*595 0.492 0*335 0*286 0*235 0*173 

Intennty at the edge 1 0*941 0*828 0*731 0*617 0*460 0*412 0*341 0*260 


(1) Fogg. Ann. LXXIIl, 388, 


(2) Ibid. LXXI, 366. 
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The condensing power^ due to anygitei| distance of the plat^s^ 
is equivalent to 1 divided by the nutnber representing the cor- 
responding intensity ; e. g. the intensity 0*173, being contained 
about 6 times in 1, indicates that the collector-plate can take up 
about 6 times as much electricity with the condenser-plate at y" 
distance, as if the latter were entirely removed. 

It is evident that the intensity,, which is inversely proportionate 
to the accumulation, increases in slower progression than does 
the distance, and the difference *of the ratios is greater, the greater 
the distances. At very small distances, therefore, the relation of 
the condensing power to the thickness of the condensing layer will 
approach more nearly to an inverse proportion. 

At the margin of the plate (if the electricity to be tested is taken 
from it) for equal distances a greater intensity is always shown, than 
at the ball in connection with the centre. The power, therefore, of 
a condenser is expressed by a lower number, if the electric body 
to be examined is brought in contact with its margin, than if with 
the conductor attached to the centre. The len^h, too, of the 
conducting-wire which connects the arm with the ball, is not without 
its influence. Riess found that a piece of v^ire of only 8*6'" length, 
inserted instead of that of 8" 5'", produced a sensibly better conden- 
sation. With a still longer wire the diminishing influence of the 
length ceases to be perceptible. 

Riess has also compared the accumulative power of larger and 
smaller condenser-discs, and confirms the observation of Munck 
af ^Rosenschold(l), that the capability of the larger discs of collect- 
ing a greater quantity of electricity from the same source, not only 
arises from their taking up more when standing alone, but likewise 
from their possessing a condensing power, which increases with their 
size. 

If, for instance, we conUjine two small collector-discs, which, 
standing alone, are capable ^ receiving the same amount of elec- 
tricity as a larger one, and then adjust the condenser-discs at 
equal distances, in each ca^e we shall find that the large condenser is 
able to contain a much larger quantity than the two small ones 
together. — Hence the advantage of batteries consisting of a fqw large 
jars over those which have a greater number of jars of the same 
aggregate extent of surface. The less the distance between the discs, 
the greater is the preponderance of the large condensers over the 


VOL. I. 


(1) Pogff. Ann. LXIX, 44, 223. 


Condenfcr*. 



210 


PHYSICS AND PHYSICAL CHEMISTRY. 


condeoMT. gmijj ones; this, however, disappears altogether at a considerable 
increase of the distance. 

msctaargre by Gascaae. — Franklin was the first to propose, that 
the electricity which passes off from the external coating whilst the 
inner coating of a battery is charged, should be employed to charge a 
second battery ; he recommended the graduated method (by cascade) 
as a means of charging a large number of jars with only a few turns 
of the machine. For this purpose the jars have to be connected by 
their alternate surfaces (stepwise), and then, after the charge is 
effected, all the internal surfaces are to be connected together, 
and likewise all the external, before making a discharge. 

Dove(l) now shows experimentally, that there is no necessity for 
changing the first-mentioned arrangement of the jars ; but that if 
the first internal, and last.extemal coating of a row of jars, connected 
stepwise, be brought into contact, a result is produced as powerful 
as if the discharge were effected after connecting all the internal 
and all the external coatings ; although in the latter case we must 
have a re-combination of almost quadruple quantities of elec- 
tricity. 

The graduated discharge is in fact composed of a series of dis- 
charging currents* Let there be, for instance, four jars of equal 
size j i^, i2, is, i4 their internal, e|, 62, e4 their external coatings ; 
let e^ and i^i e^ and is, eg and i4 be respectively placed in contact 
during the charge, by means of a copper wire ; now, if the discharge 
be effected by means of the discharger, between e4 and i^, fou|^ 
discharging currents will at the same time take place in the 
several wires, viz., one in the wire i^ e4 by means of a spark, 
and three without sparks in the uniting-wires e^ ig, 02 ig, 
and eg i4. 

If we term the quantity of electricity of the first internal coating 
JEr, and of the first external one m second external coating, 

according to well known laws( 2 ), will be charged with the 
third with m^B, &c. In short, the charges of the jars, following 
one another stepwise, are as 1 :m : : m? &c., m, on account of 

the trifiing distance between the coatings, representing a fraction 
which can differ but slightly from the unit. 

For the purpose of measuring the effect of the discharges. Dove 
was the first to employ Biess's( 8 ) improved electrical air-ther- 


(1) Berl. Aca^. Der. 1847» 148, 237 ; Fogg. Ann. LXXII, 406. 

(2) Biot, Traite de Phys. II, 407. 

(3) Fogg. Ann. XL, 339. 
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mometer. When made part of the casing Conductor between the 
internal coating i and the external 62, aOd 64 successively^ the 
charges being the same for each, the rise of temperattti^ Caused 
by the discharges stood in the relation of the simple numbers 
1 , 2 , 3 , 4 . 

If the thermometer was attached to the connecting-wire ej the 
temperature rose, on the discharge being successively effected by the 
closing conductors ij 62, i^ 63, i^ e^. The elevation of temperature was 
the same for each of the connecting- wires, when the four jars were 
discharged by connecting i| and 64, and nearly the same as that 
obtained in the closing conductor itself. When, therefore, the con- 
necting-wires from one jar to another are equal, we obtain in all of 
them the same phenomena of heat, and the heat developed in each 
wire increases constantly in the ratio of die number of jars that are 
stepwise combined with one another. 

If, after the charge is effected by cascade, all the internal and all 
the external coatings are put respectively in connection, the whole 
charge of the united internal surfaces will be E 
i, e. nearly 4 E, andjof the external surfaces m E (1-f 
or nearly 4 m jB. The relation of the two amounts of electricity 
1 : m therefore remains the same as it was when each jar was con- 
sidered by itself. 

The elevation of temperature in the air-thermometer by the dis- 
charge of one jar being expressed by r, we 'must obtain nearly 4 / by 
that of the entire battery of four jars ; for the intensity of the electrical 
accumulation being the same, the elevation of temperature will be 
proportional to the quantity of electricity discharged(l). But the 
same elevation of temperature 4 1 was also obtained by the discharge 
by cascade between ij and 64. Dove is of opinion, that this 
equality of effect whilst the quantities of electricity passing through 
the air-thermometer differ much, can only originate in an in- 
equality in the periods of discharge; since in the above-quoted 
valuable treatise of Biess on the rise of temperature produced in the 
closing conductor of the electrical battery, it has been proved that the 
rise of temperature due to equal quantities of electricity, is inversely 
proportional to the duration of the discharge(2). Consequently, if 
in the one case (the discharge by cascade) an amount of electricity =1 
passed through the thermometer in a unit of time, whilst in the other 
case a quadruple amount required a quadruple period, the heat pro- 
duced in both cases must ii^idently be the same. The proof is now only 

(1) Riess in Pogg.Ann. XL, 342. (2) Pogg. Ann. XLIII, 47. . 
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b/iaSSSc wanting of the fact, that, when the discharge takes place stepwise, 
the duration of the discharge does actually diminish in the ratio 
here stated. 

Dove has also examined the distance through which the discharge 
by cascade may be effected. The principal results of this investi- 
gation are exhibited in the following table of the calorific effects. 


Closing ' 
conductors. 

Ratio of electricities in 
the two surfaces. 

Caloric 
effect. , 

Distance. 


1 : m 

t 

X 

iU 

1 : 

2t 

4 X 

iiCa 

1 ; 7»3 

3 t 

9 X 

ilC4 

1 : 

4 i 

16 X 


The discharging distance therefore increases in the ratio of the squares 
of the numbers of the jSrs disposed step-wise. This holds good 
whether the spark-micrometer be introduced in the external closing 

conductor, or in the connecting wires. 

Xflectrlcal Currents produced by the Dlsehar^e of the Jar.Jiattery. 
— ^The following papers on the effects of electric currents, produced 
by the discharge of the jar-battery, moreover, have appeared during 
the last two years. 

K. W. Knochenhauer, on the ratio of tension in the electric 
lateral discharge. Pogg. Ann. LXX, 106, 255. 

On phenomena connected with the electric charging current, by the 
same author. Fogg. Ann. LXXI, 343. 

These papers are followed by others of the same author in Pogg. 
Ann. LXVI, LXVII, LXVIII. and LXIX. They do not permit of 
being given in abstract. 

DeTclopment of Electricity by stcam.^ — There is a good historical 
essay by Mousson in Arch. Ph. Nat. IV. 5. intitled Coup-deceit 
hist(yrique sur le dheloppement de Vilectridti pur la vapear deeau. 

Voltaic Combinations. — N. J. Callan, Professor of Physics in the 
Bpyal College of Maynooth, in Ireland, has attempted to substitute 
platinized lead(l) for the platinum in Grove's constant battery. 
It is not surprising that an arrangement of this kind, in which the 
lead, is merely introduced as the conducting medium for the purpose 
of supporting a very thin lamina of platinum, should possess the 
same electro-motive power as Grove's battery, so long as the platinum- 
coating is sound, and we scarcely required experiments to prove 
the fact. It appears, however^^^th^^ lead did not 

(l)Phil. Mag. [3] XXXL^Sl, Pbgg. Ann. LXXIl in abstr., 495; Arch. Ph. Nat. 
1847,47. 
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answer the expectations of Callan as to its durability under repeated 
use^ asj according to a subsequent noltice(l)^ he employs cast iron 
troughs for the reception of the nitric acid, or rather a mixture of 
nitric and concentrated sulphuric acids. He combined 577 elements 
with troughs of cast iron, and obtained, as may be supposed, extremely 
powerful effects. Poggendorff remarks, in reference to this appa- 
ratus, that although the cast iron is not likely to suffer much, so far 
as it is covered with the liquid, the parts external to the latter must 
very speedily be corroded by the nitrous acid fumes. 

Hence it follows, that neither platinized lead nor cast iron are 
adapted by their cheapness or actual utility to take the place of 
Bunson^s charcoal cylinders. 

A real improvement in the constant battery which we owe to 
Callan, is however the addition, which he was the first to suggest, of 
concentrated sulphuric to the nitric acid ; by this means, not only 
the conducting power is increased, but the action is maintained 
much longer uniform ; in fact, it remains nearly so until the nitric 
acid is entirely consumed. 

A powerful galvanic arrangement of platinum or copper ^vith an 
amalgam of potassium has being described by Goodman(2). A glass 
tube, closed below with bladder, and containing petroleum, was 
immersed into a glass vessel partially filled with sulphate of copper, 
to which a little dilute sulphuric acid had been added. In the 
vessel was a strip of platinum, and the amalgam, attached to a 
copper wire, was immersed in the petroleum. As soon as the 
platinum was connected with one, the copper whre with the other 
platinum wire of a small decomposing cell, a vigorous and continuous 
decomposition of the water ensued. 

Gas-Bauery. — In 1842, Grove(3) described a species of voltaic 
combination, which he terms gas-battery, and which is essentially 
constituted as follows : glass tubes, open below and closed above, with 
strips of platinum fused therein, which previously had been platinized, 
i, e. covered with platinum-black (4), ai*e partially filled in pairs 
(H and 0) with hydrogen and oxygen respectively, and then each pair 
immersed in separate glass vessels containing acidulated water, in such 
a manner that the platinum of each tube is in contact with the dilute 


(1) Phil. Mag. [3] XXXIII, 49 ; Pogg. Ann. LXXV, 128. 

(2) Phil. Mag. [3] XXIII, 207 } Arch. Ph. Nat. IX, 305, 

(3) Phil. Mag. [3] XXI, 417 ; Pogg. Ann. LVIII, 202. 

(4) The platinum-black, or* extremely fine powder of that metal, is precipitated 
electrolytically upon the plates, from a diluted solution of bichloride of platinum. See 
Pogg. Ann. LXI, 593. 
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wad. IheplatmaiD of the fint hydrogen-tuhe (H,) is in metallic con- 
t\iat o{ tlie second oxygen-tube (Os)^ the platinum of the 
second liydrogen-tube (H^) with the platinum of the third oxygen-tube 
( 03 )>and so on^ and^ finally^ the platinum of the last hydrogen-tube with 
the platinum of the first oxygen-tube (Oi). When the circuit is closed^ 
a current is established in the direction from the hydrogen through the 
acid to the oxygen ; it deflects the needle^ decomposes water^ and pro- 
duces all the known effects of voltaic-electricity. The gases at the same 
time gradually disapp^r. If the battery is so contrived, that the 
quantity of the gases introduced and consumed can be measured(l), 
we observe that the ratio of the consumption of hydrogen and oxygen 
is, approximately, as 2 : 1. If a voltameter be introduced into the 
gas-battery circuit, we find that the volume of the gashes evolved by 
the decomposition of the water is equal to the amount of gas disap- 
pearing simultaneously in each pair of tubes. Grove has undoubtedly 
drawn a correct conclusion from these facts, when he states the 
efficacy of the battery to be dependent upon the antagonism between 
these two gaseous bodies. Fov it is evident, that the strips of plati- 
num of all the hydrogen-tubes, so far as they are moistened, and in 
the same manner those of all the oxygen-tubes, must suffer a 
change m the condition of their surfaces, similar to that of the 
battery-plates which are polarized with hydrogen and oxygen, and 
thus rendered heterogeneous. The current does, in fact, pass just 
as it does between two platinum plates placed opposite to one 
another in acidulated water and dissimilarly polarized ; i. e. from 
the hydrogen, which represents the zinc of the ordinary com- 
bination, through the liquid, to the oxygen. The current continues 
because the oxidized hydrogen is constantly Ircplaced by newly- 
dissolved hydrogen. The duration forms, in reality, the only essen- 
tial difference between Grovers gas battery and Bitter’s so-called 
charging pile(2) which is composed of polarized plates. 

It is necessary, if we wish to obtain an effective gas-battery, to plati- 
nize the platinum strips, i. e. to invest them with platinum in a finely 
decided state ; evidently because the spongy covering by its capillary 
action attracts the liquid into the gas-ffiled space, and thus multiplies 
the points of contact between the gases, the liquid, and the metal. 

If the platinum strips are not in direct contact with the gases, i, e. 
if they are entirely immersed in the liquid, so that only those 
particles of gas which are held in solution by the latter, are in 

(1) Pogg. Ann. Eiganz.-Dd. II, 369, from Phil. Tians. 1843, 11, 91. 

( 2 ) Compare : Pogg. Ann. LXI, 599. 



ELECTRICITY. 216 

contact with them^ the current does not actually cease altogether^ but 
it is nevertheless very much weakened. 

When Grove, at starting, completely filled the oxygen-tubes of 
his battery with liquid, a current was perceptible, but one that was 
weaker than before. In this case, the deficient oxygen was gradually 
taken up from the atmosphere, for if the atmospheric oxygen was 
entirely excluded, the current ceased after a time. Grove then 
filled the oxygen-tubes with nitrogen ; and the current was found 
to be constant, though the external atmosphere was entirely excluded. 
The nitrogen, in this case, merely served to afford the space, into 
which a little hydrogen was gradually introduced by difi^sion. Con- 
sequently, at one platinum strip (the one surrounded by hydrogen) 
the hydrogen was oxidized, whilst at the other the same gas was 
evolved. This experiment, which at first sight appears rather 
startling, does not however differ essentially from the well-known 
fact, that a zinc plate forming a voltaic circuit with a plate of 
platinum in pure sulphate of zinc is oxidized, whilst metallic zinc is 
deposited upon the platinum. 

Grove has also investigated the galvanic effects of other gases, 
when substituted in the glass tubes /or oxygen and hydrogen. 
Effects similar to those just mentioned were, however, only observed 
when chlorine was substituted for oxygen, and carbonic oxide 
for hydrogen. The atmosphere being totally excluded, nitric oxide 
also, when opposed to oxygen, was found to produce a distinct 
effect, by assuming a higher state of oxidation(l). Even the 
vapours of some bodies caused electric currents, as, for instance, 
those given out by phosphorus at the ordinary temperature. For this 
purpose, a piece of phosphorus was introduced into one of the tubes, 
surrounded by some indifferent gas, such as nitrogen or carbonic 
acid, the opposite tube being filled with oxygen. The current was 
permanent, portions of the phosphorus being gradually oxidized. 
A piece of sulphur, treated in the same manner, produced no 
current ; but, if heated to fusion, a deviation of the needle was at 
once observed. 

Grove found that when atmospheric air was introduced into one 
of the tubes in the place of oxygen, hydrogen occupying the other 
it was gradually (i. c. after several days), and entirely, deprived of its 
oxygen, whilst the nitrogen remained unchanged in quantity or 
quality. In the same manner, a similar gas, containing hydrogen. 


(l) Phil. Trans. 1845, II. Pogg. Ann. £rganz.-Bd. 11, 408. 
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lost'every trace of hydrogen when opposed to oxygen(l). Grove, there- 
fore^ recoinmends the employment of one pair of the gas-battei^ as a 
safe, though slow resort, for endiometric purposes, particularly when 
it is. desirable to obtain very pure nitrogen, or to remove very small 
quantities of hydrogen or oxygen from a gaseous^ mixture. Pog- 
/gendorff proposes a simpler process for the same purpose, though 
based upon the same principles. 

Grove, as we have previously remarked, has attempted, and that 
by very sound arguments, to deduce the electromotive power of the 
gas-battery from tlve chemico-electrical antagonism of hydrogen 
and oxygen. Sch6nbein(2) of Basle does not, however, consider 
these arguments tenable, and accounts for the influence of the oxygen 
by its depolarizing power, a power analogous to that exerted by 
the nitric acid in Grovers constant battery. One would suppose 
that S chon be in had been led to this position byj direct electro- 
motive measurements, or that he had at least offered counter argu- 
ments of no less weight, in order to refute a series of logical con- 
clusions ; but he has done neither, liis main objection consists in 
his own observation, that an aqueous solution of oxygen being placed 
in voltaic connection with ppre w'atcr,^^ (how far deprived of air is not 
stated), no cmTent is produced, nor an effective voltaic pair formed;, 
even though it be closed by . platinum. Schonbein docs not 
attempt to prove that platinum may not be negatively polarized by 
electrolysis ; he merely adopts the view that the negative polarization 
does not depend upon the oxygen which is evolved at the platinum 
surface, but upon the ozone which is formed at the same time; — 
the all-interpreting famous ozone, Schonbein^s hobby. — Grove 
had, however, expressly observed in his treatise, that the oxygen he 
employed was free from ozone. Nor does Schonbein ascribe the 
efiScacy of the hydrogen in the gas-battery to the direct influence 
of this gas ; he supposes that, under the influence of the platinum, 
a suboxide of hydrogen is formed from the hydrogen and water, and 
that this is the real cause of the positive polarity which the platinum 
attains in the atmosphere of hydrogen. Why, indeed, are we not to 
consider a solution of hydrogen in water as a suboxide of hydrogen ? 

Schonbein’s 6bservation, which we quoted in his own words, is, 
however, incorrect ; it is refuted by numerous experiments, old as well 
as I'ccent ; by experiments which all tend to prove that the metals, 
from platinum to the easily oxidizable zinc, are polarized negatively 

(1) Pogg. Kxm. Erg»nz..Bd. II, 393. (2) Ibid. LXXI, 238. 

(.’ij Ibid. LVm, 361 : LXXIV, 241. 
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by contact with oxygen, c., that they^arfe placed in a condition in 
which they appear to be shifted nearer towards the negative end pf 
the series. 

We remind the reader, of the long known phenomenon, among 
others, that, of two pieces of the same metal successively dipped 
into a liquid, that which was first immersed, and from which, 
therefore, the atmospheric layer was first removed by the capillary 
action of the water, invariably behaves electro-positively to the 
other. 

If a strip of platinum had, only for a moment, served as the 
positive pole of the weakfllt electric pile, even though no perceptible 
decomposition of water had taken place, it behaves as a more electro- 
negative metal to a second free piece of the same. — In the Edinb. 
New Phil. Journ., XXXVIIT., A die communicates an experiment, in 
which similar plates of zinc had been coupled voltaically with 
water ; a current was at once produced if one plate was surrounded 
with dissolved oxygen. The plate placed in oxygen was invariably 
negative. 

In all these, and in many similar cases, it cannot be doubted that 
an electro-motive action is exerted by oxygen, and that it is the 
only imaginable cause of the current. This infiuence of free oxygen 
is not as distinctly perceptible with heterogeneous metals when 
opposed to each other in the electrolyte. This question has lately 
been investigated by W. Beetz(I). He shows, that, if the liquid to 
be decomposed be water, the exclusion of air or oxygen on the side 
of the electro-negative metal, always causes a diminution of the initial 
force of the current, until a certain minimum is reached, and that the 
access of oxygen to the electro-negative metal at once elevates the 
force of the current, and even raises it above its original value. 
These experiments certainly prove that an essential part of the 
efficacy of free oxygen must have consisted in preserving the negative 
metallic plate in its original condition. Beetz, however, goes too 
far in his conclusions, when he absolutely excludes any simultaneous 
increase of the electro-motive power, as produced by the presence 
of oxygen. The solution of this question can only be attained by 
electro-iiiotive measurements. 

Passivity. — ^Various investigations have, of late years, been commu- 
nicated on the subject of the passivity of iron, by W. Beetz(2), 
W. Rollemann, of Halle(3), and Gust. Wetzlar(4), who is well- 

(1) Pogg. Ann. LXXIV, 381. (3) Ibid. LXXIII, 406. 

(2) Ibid. LXVII, 186. (4) Ibid. LXXIII, 417. 
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known to have been the first to describe this peculiar deportment^ as 
early as 1827 . All these papers essentially confirm the opinion as 
often adopted as rejected^ that the passivity depends upon a thin 
film of oxide^ with which the iron becomes under certain 

circumstances^ and by which it is^ oil the one haiid^ deprived of part 
of its conducting power^ and on the other withdrawn from the 
direct influence of nitric acid> and other oxidizing liquids. 

It is evident that iron^ invested with a coating of oxide^ must 
exhibit a bearing similar to that of passive iron. But in what 
manner can we explain the origin of this protecting coat on polished 
iron, which, connected with platinum, and^mmersed in nitric acid, 
at once appears passive, and which, so long as it forms a galvanic 
chain with platinum, develops a constant, though weak current, being 
at the same time gradually, though very slowly, dissolved in the 
acid? Again, how is the oxide-coating compatible with the fact, 
that the passive condition obtained in nitric acid may be usually 
removed even by ablution in water ? 

Rc-unlon of tlic Gases in the Voltameter. — J acobi(l) has disco- 
vered that a gradual re-union of the gases, evolved in the voltameter, 
takes place even when the platinum electrodes are constantly covered 
with liquid, and are not, therefore, in direct contact with the gaseous 
mixture. Even when atmospheric air is present in the voltameter, 
their volume is said to be diminished undet the influence of the 
platinum electiMes, though less rapidly than in the case of the 
undiluted explosive mixture. 

GonUuction-resistanee. — Our knowlege of the doctrine of galvanic 
electricity has been mueh extended of late years by numerous, and, 
in part, very accurate measurements. The invention of constant 
batteries, the perfection of galvanic measuring instruments, the 
invention of the rheostat, which we owe to Wheatstone and Jacobi, 
have led to simplified modes of measurement, and have essentially 
contributed to the facility and certainty of the experf|bents, even 
when conducted by imperfectly practised hands. 

The rheostat, which may be varied in its adaptation, according to 
the requirements of the case, consists, as is well known, chiefly of a 
mass of wire, which is introduced 'in the course of a galvanic circuit, 
and which, as often as necessary, may be rapidly elongated, shortened, 
or entirely excluded, without at all interrupting the current. If this 
regulator-wire is uniform throughout, the inserted length may at any 

(1) Petersb. Acad. Bull. VII, 161 ; Ann. Chein. Phys. [3] XXV, 215; Pogg. Ann. 
LXX,105 ; Compt. Rend. XXVII, 628 $ Instit. 1818, 398 ; Arcji. Ph. Nat. X, 56. 
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time be easily and accurately measured^ and wc thus.obtam a very iiSjtSii. 
simple means of calculating aU the principal li^td and solid com* 
ponents of the circuity as wire-lengths of the same kind^ and conse- 
quently of redueiiig>&e entire conduction-resistancetof the circuit to 
one length of regtdator-wire. 

Let us suppose a conductor of unknown resistaj:^e inserted into a 
constant voltaic circuity and then^ the deflection of the gidyanometer- 
needle having been observed^ removed and replaced by the regulator- 
wire in such a manner that the deflection previously observed is 
exactly restored ; the wire-lengtK necessary to eflect this, may serve 
as an expression of the ^sistance of that conductor. In this way, 
the regulator-wire may be employed as a common measure for 
comparing the resistance of the most various conductors. 

This apparatus for determining the condhction-resistance is now 
frequently employed. 

According to this method, Bufft has measured the conduction- 
resistance of the following bodies : 


Silver, chemically pure 1*000 

Copper, „ ,, ...... 1*048 

Copper of commerce : 

First quality 1*227 

Second quality 1*579 

Nickel silver . . . lP-401 

The pure silver was prepared expressly^^for this purpose in the 
chemical laboratory at Giessen ; the pure cc^er was very carefully 
prepared by the aid of galvanism, though not absolutely free from 
iron. Chemical analysis proved the presence of 0*02 per. cent. The 
first quality of the copper of commerce contained 0*22 ^r cent, of 
iron ; the second, in addition to a trace of iron, 0*20 per cent, of 


lead, and 0*26 of nickel. 

The transverse sections of the wires employed were all deduced 
from the weights of measured wire-lengths and their specifle gra- 
vities. 


Horsford, of Albany, (1) has adopted a method similar to the one 
just described, for measuring the conduction-resistance of some 
liquid bodies at a temperature of 18^ — ^20® C. He employed a square 
trough of Arm and compact wood for the reception of the liquids to 
be examined, 0*3 metres in length, 0*075 metres' in breadth and in 
depth ; internally it had a thick coating of shellac varnish, in order to 


(0 Pp5g. Ann. LXX, 238; SiU. Am. J. [2] V, 36. 
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tinn"r*ryiVi P^ventji Of at least to impede as much as possible the absorption of 
the liquid. There were two pieces of board attached to the trough, of 
which one was fixed, the other moveable. They served to hold the 
plateis immersed in the liquid, and to alter their distance at will. The 
plates, which were of the same size as the section of the box, were 
affixed to strips of copper, which again were screwed to the boards, 
and were in connection with a constant galvanic battery. The 
strength of the current was measured by means of a galvanometer 
introduced in the circuit. 

The experiment was conducted so that two plates were placed 
exactly parallel to, and, at first, at a distan^of 2*5 centimetres from, 
one another, in the trough, which was partially or entirely filled with 
liquid; the circuit was then closed, and the needle directed to a 
particular degree by meftis of a rheostat. The distance intervening 
between the plates was then increased by moving one of them, and 
the length of regulator-wire lequired to be withdrawn from the 
circuit, in order to restore the needle to its original position, was 
noted. It is evident that the increase of the layer of liquid effected as 
great a resisfance as the wire unrolled, and that independently of the 
infiiicnce of polarization. 

Horsford justified by his experiments the assumption not pre- 
viously proved by direct observation, that the conduction-resistance 
of liquids is in^pendent of the current-force, and that it is directly 
proportional tdIHie length, and inversely proportional to the trans- 
verse section of the liquid mass. 

The following are the numbers obtained by him for the conduction- 
resistance of chemically pure solutions. 

Name and quality of liquid. Conduction-resistance, 

that of pure silver— 1. 


Sulphuric acid, sp. gr. 1*10 .... 

. 

938500 

tt tt tt 

1*15 . . . . 

. 

840G00 

tt tt ft 

1*20 . . ' . 

. 

696V00 

f> ft ft 

1*24 . . . 

. 

696700 

tt If ft 

1*30 

. 

696700 

tt ft tf 

1*40 . . 

. . 

1023400 

Sol. of chloride sod. 

27*6 guns, in 500 C. C. of water 

7157000 

ft tt 

21*3 „ ,, ,y 

tt 

9542000 

. ft ft 

10*65 „ „ „ 

tf • 

18460000 

tf tf 

5*325 „ „ „ 

tt 

34110000 

SoL of chlor. potas. 

27*7 ,, ,, 

tt 

7168000 

Sol. sulphate of cop- 

r 100 C. C. containing T 


12058000 

.per 

1 15*093 grm. tJuO, SO, J 

* 

The same quantity of the salt in a double volume of liquid 

17490000 

Sol. sulph. of zinc 

r 100 C. C.contaming . 

1 r-287 pm. ZnO, SOj, HO 

}• ■■ 

23515000 
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Edm. Becquerel has investigated the conductive power of solid 
and of liquid bodies^ employing for this p.urpose a differential galvano* 
meter(l) ; i. e. the current of a galvanic battery^ split into two 
branches, was conducted into the latter so that they ran round 
the galvanometer-needle in opposite directions^ and could conse-* 
quently only affect it by the difference of their forces. The equilibrium 
of the two portions of the current could be restored by the resistance 
of a Wheatstone^s rheostat^ which was inserted into one of the 
branches ; the needle could thus be retained iu^ or at all events be 
restored to^ a quiescent position. This was done first with the instru- 
ment alone^ and subsequAtly^ after the substance to be examined m 
reference to its conducting power had been introduced into the other 
branch. The resistance of the latter was therefore directly compared 
with the resistance of a length of regulator-\Wre. 

In this manner the following determinations have been performed 
for 120—130 C. 


Conducting power for equal diameters after 


Annealing. 

Ignition. 

Silver, pure, reduced from the chloride 

93*448 

100*000 

Copper precipitated electro-chemically, and fused 

89*084 

91*439 

Gold, pure 

64*385 

65*458 

Cadmium 

24*574 

— 

Zinc 

24*164 


Tin 

13*656 

— 

Palladium 

13*977 

— 

Iron 

12*124 

— 

Lead 

8*245 


Platinum 

8*042 

— 

Mercury 

1*8017 

— 


The mean diameters of the wires selected were measured under 
the microscope with the aid of a micrometer. 

For the purpose of investigating the diminution of the con- 
ducting power at high temperatures, the wires, wound spirally, 
so that the separate turns of the coils could not come in direct 
contact with one another, were immersed in an oil-bath. E. Bec- 
querel arrived at the conclusion that the diminution of the conduct- 
ing-power is proportional to the increase of temperature. However, 
the results of his own experiments contradict this conclusion ; nor is 
it compatible with the older, though very accurate measurements 
made by Lenz with electro-magnetie currents. 


(1) Ann Ch. Phys. [3] XVII, 242; Pogg. Ann. LXX, 243 (in abstr.). 
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Some experiments have been conducted by J. Muller(l), of Halle, 
after a method similar to that employed by Becquerel, on the 
dependence upon temperature of the conduction-resistance of metals ; 
he employed a very correct differential galvanometer constructed by 
Hankel(2). His measurements^ however, were confined to iron, 
zinc and mercury, between the temperatures from 18^ to 158^ C. 
With regard to iron wire, he has arrived at almost the same results 
as those formerly obtained by Lenz ; in the other two metals he does 
not find the resistance to increase in the ratio of the temperature, 
but the deviation is very trifling. 

*In order to ascertain the conducting pow#of liquids independently 
of polarization, E. Becquerel(8) inserted in each of the two branches 
of the divided current (see p. 221) a column of the same liquid, and 
re-established the equililftium, first with this arrangement by itself, 
and subsequently, after a wire of known resistance had been intro- 
duced into one of the branches. The length by which the liquid 
column of the same branch required to be shortened, exhibited the 
resistance of the liquid. 

The follov^Og are his results : 


Density. 


Silver, pure, alter ignition . 

WofAx T Sulphate of copper 

* J Sulphate of zinc . . . 1 
250 grm. water with 30 grm. iodide 1 

of potassiuiu J 

220 C.C. water and 20 C.C. sulphuric 1 

add with 1 at. water j 

Nitric acid of commerce of 36^ B. 

20 grm. terchlor. of antimony, 120 C.C. 1 
water, and 100 C.C. hydrochlor. acid j 


Conducting 

power. 

100000000 

5-42 


INTLOSNCU or THE DEGREE OF SATURATION. 


Amount of salt in 
equal volumes.' 

Sulphate of copper : 

Saturated solution .... 1 

„ diluted to double vol. i 

»> If quadruple „ i 

Chloride of sodium : 

Saturated solution 1 

„ diluted to double vol. i 

„ ,, treble ,, ^ 

n quadruple „ f 


Fower of 
conduction. 


Resistance. 


18450000 

3173000 

11120000 

17330000 


1128000 

1066000 


Resistance. 

18450000 

28820000 

48080000 

3173000 

4333000 

5721000 

7864000 


(1) Pogg. Ann. LXXin, 434. (2) Ibid. LXIX, 256. 

(3) Ann. Chem. Phys. [3] XVII, 267 ; Pogg. Ann. LXX, 250. 
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. 

Amount of sfdi in 

Powerof 

Resutanc^. 


• equal volumes. . 

conduction. 

Nitrate of copper (density *= 1*6008) 

1 

8*995 

... 


„ diluted to i- volumes 

i 

16*208 

" 1— 

tf 

»» II . 2 „ 

i 

17*073 


tf 

II *' II 4 II 

i 

13*442 


If 

„ (density « 1*085) 

— 

8*979 

— 


The conductive power of liquids varies with the temperature^ but in 
a proportion inverse to that in metallic wires^ i. e, it increases with 
the rise of temperature. The fact has been long known^ but hitherto 
measurements were wanting. E. Becquerel(l) concludes from his 
experiments on this subjlbt^ which are not very numerous^ that the 
increase of the conducting power proceeds proportionally to that of 
the temperature. This assumption must however be looked upon as 
a rude approximation to the truth. From a more detailed^ though still 
unfinished investigation of Hankel(2)^ we learn that the conduction- 
resistance of liquids is very sensibly diminished by warming, but 
that this diminution is not proportional to the change of tem- 
perature, but is greater for a given difference of temperature, the 
nearer this approaches to zero. The various liquids appear to corres- 
pond tolerably in these variations, and only to differ from one another 
in this, — ^that those solutions, which contain a larger quantity of ^alts, 
suffer greater variation in their conducting power for the same differ- 
ences of temperature. It is singular that the conductivity of a con- 
centrated solution of .sulphate of zinc, as well as of concentrated 
sulphuric acid, is increased by a moderate addition of ^ater, but 
again reduced by greater dilution. 

An investigation respecting the conduction-resistance in liquids 
has also been published by Mari6-Davy(3), Professor of Physics 
at Montpellier. He conducts the electric current through a glass 
cylinder, filled with liquid, its bottom being closed by a suitable 
plate of metal. There was a second plate of the same horizontal 
section as the cylinder which could be moved up and down, and 
the ^stance between the two plates could be accurately measured. 
A coil of platinum was inserted in the same current, in such a manner 
that it could be easily excluded and replaced by a corresponding 
elongation of the liquid column. It is evident that in this manner 
the conduction-resistance of the liquid, quite independently of 
polarization, was reduced to that- in the platinum coil. This is 

(1) Loc. cit, 

(2) Pogg. Ann. LXIX, 258 ; Arch. Ph. Nat. IV, 66. 

(3) Ann. Ch. Phys. [3] XIX, 401. 
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^sentially the same tiaethod as that employed by Horsmau; and 
ance, * several years ago ^compiended by Wheat 9toiie(l)r 

Mari^-Davy haanot arrived at any new facts. 

:l)r« Smaasen^ of Utrecht, has published an analytical inves- 
tigation of the dynamic equilibrium of electricity in a body and in 
unlimited space; from which, among other results, it would appear 
that the electrical conduction^^resistance of the earth is equal to that 
of a cylinder of the same material as the earth, whose len^h is equal 
to a semi-radius of the electrodes . (supposing them spherical), sunk 
into the earth, its transverse section being equal to a great circle of these 
electrodes. We must refer to the treatise ^elf for the details(2). 

< imiiieneeiof Atmosplierie Electricity upon Tclepraphtc Conductors, 
r— It is well known, that the wires of the electric telegraph laid down 
at Gottingen by Gauss and Weber, were several years ago fused 
by a stroke of lightning. Since that time, the efiFcct pioduced by 
atmospheric electricity, and especially by electric clouds, upon copper 
wires supported in the air, has been frequently observed. At various 
places the electricity of the clouds has, during the discharge of a 
thunder-storm, been propagated through large distances by th6 
wires ; indeed, the telegraphic needles have repeatedly been set in 
motion. Accounts of these occurrences are to be found iS the 
publications cited below(3). 

Polarization. — One of the chief difficulties with which physicists 
had to deal in galvano-electric measurements, previously to the 
invention of the constant battery, was the great variation in the 
strength ^f the currents, which was attributed to a peculiar 
condition of the surfaces of the immersed plates, caused by the 
current itself, polarization. Subsequently, several physicists 

adopted Fechncr^s assumption of a special transHion'^resistancey to 
which the current was liable while passing from solid to liquid 
conductors, and vice versd; whilst others, headed by Ohm, 
attempted to demonstrate, that the fact of galvanic polarization 
sufficed of itself for the explanation of all the phenomena connected 
with this resistance. The latter view appeared the more probable, 
the more the true nature of polarization was elucidated. It has 
been found, that it is invariably caused by the deposition of foreign 
matter on the surface of the plates; it is evident that such a 
deposition must in every case be.^the immediate and necessary con- 

(1) Pogg. Ann. LXII, 530. (2) Ibid. LXXII, 435. 

(3) Ck)mpt. Rend. XXIII, 546; XXIV, 980; Phil. Mag. [3] XXX, 186 ; Arch. Ph. 
Nat. IV, 298; Pogg. Ann. LXXI, 358; LXXIII, 609 ; LXXVI, 135. 
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sequence of the current, and of the decdtnpasitiou of tho liquid^ and 
that by a removal of this foi^gn matter:;! t^e originU of the" 
current could always be restored. ' 

A platinum -plate, for instance, surrounded by sulphate o£ copper, 
and forming the negative member of a galvanic arrangement, begins 
to be covered with metallic copper as .soon as the current passes^ 
when immersed in sulphate of zinc it becomes gradually coated with 
zinc. In reference to its .electric deportment, it must, therefore/ in 
the former instance, approach more and more to that of a plate of 
copper, in the second to. that of a zinc plate, t. e. the motive power 
of the current must be diminished. v : . * 

If dilute sulphuric acid, or an alkaline solution, be decomposed in a ^ 
galvanic circuit, the negative pole-plate becomes enveloped with hy- 
drogen, as, in the previous cases, with copper or zinc; J^e electro- 
positive plate, unless dissolved in the liquid, causes the evolution of, 
and is covered with oxygen. Now oxygen forms the electro-^^tive 
termination of the tensibh-serics. Hydrogen, on the positive side, 
certainly stands superior to zinc(l). Could we assume, that these 
gaseous deposits accumulated to such density as to prevent the 
immediate contact between the metallic surface and the liquid, 
we should no longer have two metallic plates, but, as it were, 
a plate of oxygen and one of hydrogen opposed to one another in 
this medium. It is evident that this would give rise to an electro- 
motive power in a direction contrary to tho original one, and of much 
greater intensity than that of the copper-zinc, or even , of the carbon- 
zinc pile. The electro-excitant power of hydrogen , with oxygen there- 
fore indicates the limits of the intensity attainable by polarization, 
— a limit, however, which is probably never reached even under the 
most favourable circumstances. 

In the ordinary (inconstant) zinc-copper or zinc-platinum battery, 
which is closed by dilute sulphuric acid, only the electro-negative 
metal is polarized, and that by hydrogen. The hydrogen is positive 
as regards the zinc; therefore, a hydrogen-coating of sufficient 
density must cause the current to be reversed. A polarization of 
such intensity cannot however occur under ordinary circumstances, 
because the secondary electro-motive power cannot possibly become 
greater than the primary one by which it is called into existence. In. 
a pile formed with zinc and . any more electro-negative metal, the 
current will therefore always pass from the zinc through the liquid 
to the other metal ; but it is evident, that, as long as the current and 


(1) Ann/Ch. Pharm. XLI, 136. 
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tion* 


the decomposition continue, the polarization must increase until, the 
force of the current constantly diminishing,' the residual decompo- 
sition establishes an equilibrium with that quantity of gas which is 
continually being removed from the metallic plate, either by its 
expansive property, or by the solvent power of the liquid. 

It may consequently be anticipated that the polarization induced 
in the circuit of a battery, by hydrogen, or by hydrogen and oxygen, 
must increase in the ratio of the electro-motive power of the series ; 
but only until the above-mentioned limit h^s been actually or nearly 
attained. 

Wheatstone was the first, if not to recognise the resistance of 
polarization as an electro-motive counter-force, at least to introduce 
it into Ohm^s formula, which thus assumed the following form(l), — 



Q 


_ jiK — p 
r 


The magnitude and infiuence of this counter-force, in various relations, 
has been more closely defined by various physicists (2). All the inves- 
tigations that have been published agree in stating that the polari- 
zation of the platinum plates, resulting from hydrogen and oxygen, 
assumes, whenever an active decomposition of water has commenced, 
a value which is almost invariable, or, more correctly, which 
increases almost imperceptibly with the strength of the current. 
The distance between the plates, their size, and the depth of 
immersion have no infiuence, provided there be an activie develop- 
ment of gas at all points. In weaker currents, however, which are 
accompanied by an imperceptible, or but very trifling decomposition 
of water, the polarization increases with the force of the current. 

The numerical value of polarization at its maximum (for pla- 
tinum plates in dilute sulphuric acid), exceeds by times the 
force of a constant carbon-zinc or platinum-zinc element, and, 
therefore, almost attains three times the force of a constant copper- 
zinc pair. Accordingly, it is perfectly intelligible that, in order to 
obtain an effective decomposition of water in a decomposing cell 
with platinum plates, not less than two carbon-zinc elements, and 
not less than three copper-zinc elements can be employed. If, 


(1) Phi!. Trans. 1843 ; Pogg. Ann. LXII, 533. 

(2) Daniell in Phil. Trans. 1842, and Pogg. Ann. LX, 387 ; Lenz in Pogg. Ann. 
L1X» 226, 407; Lenz and Sainreljew in Ann. Ch. Phys. [3] XX, 184 ; Poggendorff 
in Pogg. Ann. LXI, 606 ; LXVII, 528 ; (also Ann. Ch. Phys. [3] XX, 217) ; Pogg. Ann. 
LXX, 178 ; Syanberg in Pogg. Ann. LXXIII, 298 ; Buff in Ann. Ch. Phann. XLV, 
137; Pogg. Ann. LXXIII, 497. 
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however, the decomposing cell consists of two parts, separated by a 
porous partition, the one being filled with solution of caustic potassa, 
the other with dilute sulphuric acid, and if this voltametric apparatus 
be so connected with the galvanic arrangement, that the oxygen 
must be developed at the platinum plate which dips into the potassa, 
the hydrogen at the platinum plate in the acid, Poggendorff states 
that a powerful decomposition is efiected by (me. of Grovers, or even 
one of DanielPs pairs(l). 

Poggendorff has made the remarkable observation that platinized 
platinum plates are subject to a much lower degree of polarization 
in a decomposing cell filled with dilute sulphuric acid, than platinum 
plates in the ordinary polished condition. Accurate measurement 
yielded the following results (2) : — r 

1st. The maximum polarization with platinized plates is about 
one quarter of its value less than with polished plates, and conse- 
quently but slightly exceeds the power of a single Grovers cell. 

2nd. The polarization of platinized plates varies less with the 
variations of the force of the current than it does in polished 
plates. 

3rd. In the former it attains its maximum more rapidly than is 
commonly the case in the latter, unless they possess a high degree of 
polish. 

Poggendorff^ s attention was drawn to this deportment of 
platinized plates by the fact, that when connected as electrodes with 
a single Grovers pair, they yielded a considerably greater quantity 
of gas than did polished plates. De la Rive had noticed the same 
phenomenon as early as 1843. 

Nor is polarization equally intense, under an equal strength of 
current, with different liquids, which yield oxygen and hydrogen 
by electrolysis. Thus solutions of pure potassa, or of sulphate of 
soda, effect a resistance which is to that of dilute sulphuric acid, as 
120 : 100. The degree of concentration is of no consequence. 

The polarization 'l^reases as the temperature of the decomposing 
liquid rises, as Poggendorff first noticed, and as Dr. E. Becker, of 
Giessen, has proved, in a yet unpublished investigation, by accurate 
measurements. 

It has been found that the polarization is liable to more or less 



(1) Berl. Acad. Ber. 1847, 440; also Fogg. Ann. LXXI, 132, in Arch. Ph. Nat. V, 
278 (inabstr.). 

Fogg. Ann. LXX, 186 ; extr. in Arch, Fh. Nat. V, 163. 

(3) Archives d’£lectricit^, III, 159. 
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perceptible variations, according to the nature of the immersed 
metal. Taking platinum always as the positive decomposing plate, 
the negative one being alternately silver, copper, or some other 
metal which lies nearer to the negative end of the tension-series, so 
long as the process of decomposition proceeds actively, no con- 
siderable diflFerence in the intensity of the counter-force is perceived 
[Svanberg(l)], although a distinct increase from the platinum to 
the silver, to the copper, &c. is visible. The difference becomes, 
however, very perceptible when electro-positive metals are employed. 
If, for instance, the hydrogen was developed on an amalgamated strip 
of zinc instead of on platinum, the counter-force (which, in this case, 
is compounded of the electro-motive relation of the hydrogen to the 
zinc, and of the zinc to the platinum), attained a value which was 
greater by almost one half (2). 

This difference would not exist, and the chemical character of the 
metal immersed would be quite immaterial, if the strip which is im- 
mersed could be entirely isolated from the.iliquid by the hydrogen 
which surrounds it. Now, as this is not the case, it follows necessarily, 
as demonstrated by experiment, that polarization generally attains a 
higher value in liquids which are more or less mixed with metallic 
solutions, than in chemically pure dilute sulphuric acid. 

A. Saweljew(3) has observed that platinum plates which had 
served as poles of an electric pile, and bad thus been polarized, even 
after they had apparently become quite homogeneous again, still 
preserve an heterogeneous relation to magneto-electric currents ; i, e. 
that they impair or enhance the development of these currents ac- 
cording to their direction. 

The recent labours of German and English physicists on the 
nature, influence, and extent of polarization, appear to have been as 
yet little noticed in France. Marie-Davy, in two very discursive 
treatises , — Recherches easpirimentales sur V(lectricit6 voltaiqne{4ijy — 
speaks of transition-resistance and polarization as of two essentially 
different things, and gives numerical values for both. In the course 
of his investigations, he arrives at the result that Ohm^s law is 
incorrect, and he tries to rectify its incorrectness. Marie-Davy 
does not appear to have thought it possible* that the error might be 

(1) Pogg. Ann. LXXin, 305 ; Arch, Fh. Mat. IV, 296. 

(2) Pogg. Ann. LXXIU, 504. 

(3) Ibid. LXXllI, 516. 

• (1) Ann. Ch. Phys. [3] XIX, 401, 422 i XXII, 257 ! Awh. Phys. Nat. VII, 303 
(in abstr.). 
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owing to his own mode of viewing the question, and to the inaccuracy 
of his experiments, for the correctness of which the reader has no 
control whatever. 

The younger Becquerel(l) has also worked, and it would appear 
to more purpose, at the same subject. There is, however, nothing 
really new in this part of his treatise. 

Eiectro«motiTe Power. — ^A. F. Svanberg(2) has investigated the 
influence which the quality, and more particularly the degree of con- 
centration, of the solutions, into which the plates are dipped, exerts 
upon the electro-motive power of DanielPs battery. The state of 
concentration appeared to have no influence in the case of a solution 
of sulphate of copper. This, however, is probably only true for the 
development of weak currents, as the copper plate is partially polarized 
by hydrogen under powerful currents in a dilute solution of copper. 
If the unamalgamated zinc plate was first placed in a concentrated, 
and then successively in more and more dilute solutions of sulphate of 
zinc, the power gradailly rose in the proportion of 15*6 to 16*15. 
Dilute sulphuric acid employed in the place of sulphate of zinc, caused 
a reduction of the force to 14*14. If concentrated sulphate of soda 
solution was employed, the force was gradually elevated to 16*57, and 
was but slightly diminished when this liquid was diluted. The 
strength of the current from which the electro-motive power was 
derived remained the same in aU the experiments. 

It is remarkable, that the above-mentioned irregularities disappear 
entirely, or almost entirely, when the zinc is employed in the amal- 
gamated condition. Svanberg attributes this to a polarization of 
the amalgamated zinc plate, cfiected by hydrogen, under the influence 
of the mercury. But if the hydrogen exerted any influence, this 
would be more perceptible in the non-amalgamated plates ; the 
latter, however, present exactly the converse deportment, being 
electro-negative to the former. This electro-negative condition is well- 
known to be most marked in corroded and impure plates of zinc ; 
this may account for the fact, that non-amalgamated plates presented 
a lower electro-motive power in dilute sulphuric acid, in which they 
were at once violently attacked, than in a solution of sulphate of 
zinc, — ^with more probability than can any difierence in the effect 
of contact of various liquids upon the zinc. For various series of 
observations, communicated by Buff(3), proye, that, as often, at least, 

(1) Apn. Gh. Phys. [3] XX, 62 ; Compt. Rend. XXIV, 376 (in abstr.) ; Arch. Phys. 
Nat. IV, 300. 

(2) Pogg. Ann. LXXIII, 291. (3) Ibid. 507. 
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as powerful currents are set in motion^ the liquid conductors within 
the circuit, whilst they are decomposed by the current, . are unable 
to contribute anything, either negatively or positively, to the value of 
the electro-motive power, by their contact-effect upon the surface of 
the immersed solid conductors. 

If a vessel be divided into two cells by a porous partition, and the 
one filled with sulphuric acid, the other with sulphate of copper, and 
two connected strips of copper dipped into them, it is known that a 
weak though permanent current will be produced. If we now conduct 
through such a pair, or even through a series of such pairs, the 
much stronger current of a single Bunsen^s cell, whose electro- 
motive power had been previously determined, we do not discover 
in this compound battery the slightest addition to the motive 
power. Owing to the increased oxidation, and consequent im- 
purity of the copper immersed in the sulphuric acid, even a 
slight diminution was noticed; this, however, did not amount 
to one per cent of the electro-motive power of the carbon-zinc 
pair, when three such pairs of copper strips were placed in 
scries. 

Amalgamated zinc plates presented a similar behaviour, when 
immersed in sulphate of zinc solution, and in sulpuric acid. In con- 
sequence of the oxidation of one zinc plate whilst the surface of the 
other still remained uncorroded, a slight increase in the electi^motive 
power was observed. Sulphuric acii, and solutions o^ sulphate of 
copper and of sulphate of zinc, are the liquids that §1^ piresent in 
DanielPs batteiy. In the above facts, then, we h^:^' a piroof that 
the power of this battery depends essentially upon the electric dif- 
ference between the metallic copper and zinc alone, and is not 
augmented by any electromotive effect of the liquids upon the 
metallic surfaces. 

If the power of the constant carbon-zinc battery, when common nitric 
acid is employed, be termed 7’16, that of Danielles arrangement is 
4‘207. If the sulphate of copper solution was replaced by fuming 
nitric acid, which is known not to affect copper, 4*324 was obtained. 
The presence, therefore, of nitric acid, when strong currents are 
passing, though it excites copper electro-positively with so much 
power, has but a very slight influence in increasing the electro- 
motive power ; and even this would appear to be unconnected with 
the electro-motive power of nitric acid ; for other variations also in 

the fundamental experimentj[l) indicated the force 4*3 and con- 

(1) Pogg. Ann. LXX, 62. 
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firmed the fact^ that sulphuric acid^ and solution of sulphate of zinc^ 
in which a copper-zinc pair are immersed^ do not contribute per- 
ceptibly to its electro-motive power. 

The power of copper (in dilute sulphuric acid), in relation to 
platinum (in fuming nitric acid), was found = 2*995. The power 
of copper to zinc, 4*3, added to this, yields 7*395. The power 
of zinc to platinum, in fuming nitric acid, measured directly, 
was = 7*375. The power of zinc to carbon, in fuming nitric 
acid, = 7*856. 

The polarization of zinc by hydrogen was found nearly = 0*9. 
Consequently the electro-motive power of a strip of zinc, closely sur- 
rounded by hydrogen, to platinum is 7*375 -f 0*9 = 8*275. If 
oxygen was developed at the platinum pole, and hydrogen at the 
zinc pole, the number 16*90 was obtained as the relative value 
of polarization. The polarization of platinum by oxygen, therefore, 
corresponds to the number 16*90 — 8*275 = 8*625. Poggendorff 
formerly obtained very nearly the same result. 

We know from electroscopic and galvanomctric experiments, that 
dissimilar liquids exert an electro-motive power at their surface of 
contact. It was therefore to be assumed that metallic sulphates 
would exert a similar effect upon sulphuric and nitric acids, and 
the two acids upon each other. This influence however, if it 
exist at all, can be but very trifling, for it was impossible to 
measure it with any degree of accuracy. On the other hand, a 
comparatively strong electro-motive power is observed at the con- 
tact-surface of nitric acid and potassa; to determine its amount, 
a glass vessel was partially filled with fuming nitric acid; a cell 
of porous clay, containing caustic potassa, was placed in it, and 
a carbon-cylinder introduced into both liquids. When the cir- 
cuit was closed, the oxygen developed at the positive pole, by the 
simultaneous influence of the carbon and potassa, was at once em- 
ployed in the formation of carbonate of potassa, whilst the hydrogen 
deposited at the negative pole was oxidized into water by the 
nitric acid. No resistance could therefore be produced by polariza- 
tion. The electro-motive power of this circuit was 3*59. 

The determination of electro-motive forces from the strength of 
the current upon the basis of Ohm^s law admits of extreme 
accuracy, though only available for constant batteries. Some time 
ago, Poggendorff suggested a very ingenious method for the purpose 
of measuring the force of inconstant, with the same correctness 
as that of constant arrangements. It- depends essentially upon 
preventing the current of the inconstant chain from coming into 
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aetbii> by employing the force of a constant velement of known 
valtie(l). This proceeding, termed by Poggendorff the method , 
of compematwn, notwithstanding its advantages, has not so far 
as we know, been hitherto employed by other physicists; the fol- 
lowing details may therefore be acceptable. 

If the electro-motive powers of aconstant pair, e.g, one of 6ro ve^s(I), 
and a variable one e.g. a copper-zinc pair {II) in sulphuric acid,, 
are to be compared, the plates of the former are to be directly 
united by means of a wire a; a second wire &, which includes a 
delicate galvanometer, is made to proceed from the platinum plate of 
pair I, to the copper plate of pair II., and lastly the two zinc plates 
are placed in metallic connection. It is evident that the current 
of the constant pair is divided at the point of union of the wires a 
and i, and tends to circulate in part directly through the wire 
a, and in part through the wire b, and through the connections of the 
element II, to the zinc plate I. In the same manner the current 
that may be developed by the inconstant pair, will be di^ded, 
dnd after passing through wire it will tend, at the point of union 
of the wires b and a, return to its source partly through a, and partly 
through the connections of element I. We will now examine each 
of these currents separately. Let Q and Q'^ represent their forces 
when freely developed, and K' and K" their electromotive powers. 
Let r be the conduction-resistance of the wire a, expressed in 
coils of the regulator ; / the resistance of the remaining portion of 
the constant cell, considered as directly closed by the wire a ; 
the reduced resistance of the inconstant cell, inclusive of that of the 
wire b. 

The reduced conduction-resistance of the two branches of the 
current O', viz. of the wire-lengths r and r" being termed 22', 
then the transverse section, referred tp the length-unit selected 

111 r r" 

(one turn of the regulator), is ^=: 1- -tt, therefore R'= 7-; 

it r r . z'+r 


the entire resistance of circuit I, 


ii' + r' = 


rr' + rr" + r' r" 


r + r'* 


and the force of the current. 


K'jr + r" 
'* rr^ + r 


(I'i Pogg. Ann. LTV, 172. 
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Then, if the reduced conduction-resistance of the two ramifications 
r and / of the current Q" be termed Sf', we get ^ + — 


therefore R' = > ; the entire resistance of circuit II, 

r + r 

rr' + rr" -f / t"' 


IT' + r = 

and the force of the current. 


r + r' 


^ rr' + rr" + / r' * 

Let the portions of the current O' traversing the ramifications r and 
r" be termed q and according to Ohni^s law then we have 

Q' : q : —and O' : 5 '" : : hence 


But the entire current Q" tends to take its course, in oppo- 
sition to the branch-current q ^ through the ramification r", i. e,, 
through the connections of the pair II, and through the wire b. The 
current that actually passes through the wire b is therefore, 

^ _ K' r — K" (r+r'l ' 


If a rheostat be included in the wire a, we may, by a suitable 
elongation or reduction of this wire, make q" = Q" ; therefore 
K'r:=K" (r + r) and 


K"^ 


Rr 
r 4- r' 


(a). 


In this case no cui'rent passes through the wire b, the electro- 
motive power JSl" is not developed, and the only exit for the current 
produced by the power K' is the wire a. Consequently 

0^ — q = and K' = q (/ + r) 

If we introduce this value of K' in the equation (a), we obtain 

K'^qr 03 ) 

If, therefore, we know the conduction-resistance r, and if a 
sine- or tangent-needle be introduced in the wire a, for the purpose 
of measuring the current-force g, the required force K" results 
directly from the equation 08), . 
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. When the experiment is made^ attention should be pai*ticularly 
directed to maintaining the index^ of the galvanometer included in 
wire by permanently at zero, and this even during the repeated 
opening and closing of the circuit. If this precaution be neglected 
the value of K!* will be impaired by polarization. 

Poggendorff formerly proved the practicability of the method of 
compensation by several experiments. He has recently reverted to 
the subject, and while testing it by numerous comparative experi- 
ments, he has developed all the requisites for a practical application 
of his method(l). He has also employed this process for the 
purpose of testing the correctness of the law of Volta^s tension-series. 
I?or this purpose, strips or bars of three different metals were 
simultaneously immersed in a vessel filled with liquid, and alternately 
examined in pairs as to their electro-motive power. Very different 
metals were, in this manner, subjected to examination in various 
liquids, and every possible precaution required in such delicate 
investigations, observed. 

As the method of examination is based upon the non-complction 
of the current, we should have been led to expect that the electro- 
motive influence of one liquid would have differed for each of the 
three metals. This^ however, was not the case, at least, not so as to 
interfere, with the general validity of the law, for, although the 
absolute values of the electro-motive forces varied in a m^ked 
manner in the different liquids, still Volta^s law was fully confirhiled; 
i, €. for any three metals, a, b and c, taken at random from the series, 
the sum of the electro-motive forces of a 6 andf c was equal to that 
of a c. For instance, taking the electro-motive power of amalgamated 
zinc to copper (both in dilute nitric acid) at 16*61, that of copper 
to platinum was found equal to 11*60, of zinc to platinum at 28*18. 

For the three following purely theoretical papers of G. Kirchhoff, 
as they are not suited for abstraction, we must refer the reader to 
the original sources. 

1. On the passage of an electric current through a plane, and 
especially through a circular plane(2). 

2. On the solution of those equations, to which we are conducted 
by the examination of the linear distribution of galvanic currents(3). 

3. On the applicability of the formulas for the intensities of 


(1) B’erL Acad. Ber. 1846, July; Pogg. Ann. LXX, 60 (in abstr.); Arch. Ph. Nat 
IV, 399. 

(2) Pogg. Ann. LXIV, 497. 


(3) Ibid. LXXII, 497. 
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galvanic currents in a system of linear condactors to systems which 
consist^ in part, of non-linear conductors^!). power. 

Deyelopment of Heat In Current-GonductorB. — It is known that 
every portion of a closed circuit of conductors^ traversed by the 
electric current^ developes an amount of heat proportional to the 
square of the force of the current^ and to. the reduced length of 
the conductor involved. This theorem was first established by 
P. Iliess(2)^ for the discharges of the electricity accumulated in the 
Leyden jar. Its correctness^ as applied to galvanic currents, was 
therefore probable ; this was not exhibited experimentally, however, 
till some years later, viz., by Joule(3), by measurements of tem- 
perature for wires and for liquids, by E. Becquerel for liquids(4), 
and by Lenz(5) by very careful measurements for metallic wires. 

Now as this law has equal value for every conductor enclosed 
in the circuit, whether solid or liquid, it is to be expected, that it 
is also correct for the sum of "all conductors forming the circuit, 
i. e. for the circuit itself. By arriving at this conclusion 
Poggcndorff(6), was conducted to the following corollaries ; 

Let r represent the reduced conduction-resistance of the entire pile, 
q the current-force, then the entire amount of caloric developed in 
the unit of time is expressed by the equation, w = q^r. If this 
expression be combined with the well known formula of Ohm, 

K 

O' == — we obtain tv ^ q ot w = — . The first equation shows, 

that, for a given electro-motive power, the amount of heat is aug- 
mented and diminished in the ratio of the current-force, or of 
the quantity of zinc dissolved; but that for a given current-force 
the amount of heat is in the ratio of the electro-motive power; 
that for instance, more heat is developed by a Grovers pair, with 
lequal current-force, in the entire extent of the closed circuit, 
than by one of DanielPs, since the reduced wire-length r, is smaller 
in the latter. 

it also results from the second equation, that, by the diminution of 
the conduction-resistance, the electro-motive power being unaltered, 
the total development of heat, as well as the force of the current 
itself, may be increased ad infinitum. 

Poggendorff has proved the correctness of these theoretical 

(1) Pogg. Ann. LXXV, 189. 

(2) Ibid. XL, 335 ; XLIII, 47 ; XLV, 1. (4) Ann. Ch. Phys. [3] IX, 21. 

(3) Phil. Mag. [3] XIX, 260. (5) Pogg. Ann. LXI, 18. 

(6) fieri. Acad, fijer. 1847, 410 ; J’ogg. Aim. LXXlil, 337 \ Arch. Ph. Nat. VIII, 204 
(in abstr.) ; Instit. '1818, 191. 
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considerations by a few well chosen experiments(l). In order to 
measure the quantity of caloric produced by the current in a metallic 
Poggendorff recommends an instrument constructed as 
follows : — A spiral coil of thin platinum wire is placed in a ther- 
mometer-shaped bulb filled with alcohol^ passing through the glass 
at two opposite points ; its reduced resistance to conduction having 
been ascertained^ a current is passed through it. The heat produced 
passes into the liquid^ and caused a corresponding elongation of 
the column of it in the thermometer-tube. Poggendorff calls this 
apparatus^ which appears peculiarly adapted to the study of the calorific 
eflTect of the current in metallic wires, a galvano-thermometer(2). 

Hankel(3) has made some experiments in order to deduce the 
the force of electric currents from the elongation due to heat, 
which takes place in a wire traversed by the current. It is, how- 
ever, impossible to explain the instrument designed by him for 
this purpose without the aid of a drawing. The experiments which 
he has communicated evince its utility ; and it also appears to possess 
real advantages over the ordinary galvanometers in some cases, 
and especially for the measurement of those currents, which, like 
the magneto-electric currents, vary in their direction. 

E. Becquerel(4) has repeated the well-known experiments of 
Peltier on the production of heat or cold at the points of con- 
tact of two different metals, through which the current passes, 
with a view to ascertain the influence which this deportment exerts 
upon the resistance to conduction developed during the passage of 
the current from one conductor to another. He was not however 
able to discover any influence of the kind. * 

Tyrtov has noticed, that if mercury be employed as the electrodes 
of Daniells^ battery, and the circuit be closed with a metallic 
conductor, so that one of its ends is immersed in the mercury of 
the positive, and the other is merely in contact with the negative 
pole, the latter end becomes red-hot and melts. If the proceeding 
be reversed, a mere blueish 6pai*k is perceived at the end of the wire, 
whilst the mercury is more heated than before, and evaporates(5). 

The similarity of this deportment to the well-known older observa- 
tion of Neeff(6) is at once apparent. Tyrtov did not however succeed 
in producing the ^same phenomenon if he employed another metal 


(1) Pogg. Ann. LXXIII, 343. (3) Ibid. LXXV, 206. 

(2) Ibid. LXXIII, 361. (4) Ann. Ch. Phys. [3] XX, 55. 

(5) Fogg. Ann. LXX, 85, from Fetersb. Acad. Bull. V, 94. 

(6) Pogg. Ann. LXVI, 414. 
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in the place of mercury. Neef^lj^observes in reference to this point 
that ^^the success of the experiment depends upon the discharging- 
contact being as brief as possible^ for the negative wire also 
rapidly becomes hot, because, as a conductor, it is* indifferent to 
the poles, and conducts the heat^ of the positive pole with which 
it is in contact. It is also requisite that the thickness of the wire 
be in due proportion to the strength of the battery ; it should not 
be too thick. The experiment is" rendered most convincing, if a wire 
be connected with each of the poles, and if each of these wires 
be taken between two fingers, and one of them be struck rapidly 
and repeatedly against the other ; it is still better to notch one wire 
like a saw and to pass the other perpendicularly over it, repeating 
this movement often and rapidly.^' The first observation on the 
difference in the origin of electric heat and light is well known to have 
been made by Neeff, by means of the current-breaker, described 
in 1839(2). .This ingenious and well-known apparatus, which has 
been most usefully employed in the electric telegraph, was re- 
invented by M. Froment, in Paris, in 1847(8). 

The i4Uiiiinous Arc. — ^The two terminal points of a galvanic battery 
of considerable electro-motive power, once brought into contact, 
so that the current may pass, may, as is well known, be more or 
less separated without interrupting the current, the maximum 
distance of separation of course varies according to the power of 
the battery, but, under the influence of very powerful piles, it may 
be even increased to several inches. In that case a luminous arc 
extends between the two poles, and a transference of incandescent 
particles from one to tne other may be perceived. It is this 
transition of finely divided matter which serves as a conductor to the 
current and preserves its continuity. * The length of the luminous 
arc consequently bears a close relation to the facility with which 
the material of the poles * admits of division [De la Rive(4)]. 
Physicists have hitherto very generally adopted the opinion that the 
transference of material particles which attends the luminous arc, 
proceeds only from the positive to the negative pole ; and the above- 
mentioned discovery of Neeff, that the positive is more strongly heated 
than the negative pole, appeared to present the key to the solution of 
this problem. ^ 

Recent experiments by Van Breda, of Haarlem(5), represent the 

(1) Pogg. Ann. LXIX, 142. (2) Ibid. XLVI, 104. 

(3) Compt. Rend. XXIV, 428 ; Arch. Ph. Nat. IV, 294. 

(4) Pogg. Ann. LXXVI, 275. 

(5) Compt. Rend. XXIII, 462 ; Pogg. Ann. LXX, 326 5 Arch. Ph. Nat. Ill, 32. 
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tnatter diffeientlj^ viz. that inbisdfescent and fused particles are 
not, only propelled from both poles towards one another^ but in every 
direction. Van Breda bas^ in various cases, determined the amount 
by weight of the quantity of matter carried off at both ends, but he 
does not decide whether it is in es^ess at the positive pole. 

According also to the observations of Maas, of Namur, the 
mechanical transference of ponderable matter is not always directed 
from the positive to' the negative pole ; he considers the quality of 
the electrodes to be the efficient cause of the direction of the trans- 
ference. He succeeded in preparing two charcoal cylinders in such a 
manner that the grain of the one was finer and harder than that of 
the other. If the positive pole was connected with that of finer, the 
negative with that of coarser grain, and both pointed near their 
ends, a movement of incandescent particles was effected from the 
negative to the positive pole, as soon as the luminous arc was formed. 
The negative cylinder afterwards appeared slightly excavated, the 
positive one only slightly obtuse (1). It is rather surprising, that 
the author has not examined the influence of a reversion of the 
current. 

Van Breda has employed an ingenious method for producing 
the arc of light, without previously bringing the two poles into 
contact. He did this by causing the spark of a Leyden jar to be 
discharged between them ; in reference to which Poggendorff 
observes, that the same artifice had been previosuly employed by 
J. Herschel and by Sturgeon. De la Rive states Daniell to be 
the inventor of this proceeding. It depends upon the circumstance of 4 
the. discharge being always combined with a transference of sub-> 
stance in extremely minute subdivision, which closes the circuit during 
the time necessary for the formation of the arc(2). 

The difference, between the results obtained by Van Breda and those 
of other observers, may be caused by his ha^g allowed the electric 
current to continue too long, (see above,) \^Khat the incandescent 
state of the anode was communicated to the ciRhode; for de la Rive 
has also confirmed the fact of the transference of the particles pro- 
ceeding mainly from the positive pole, and that, when the luminous 
arc was formed between two similar metallic wires, e. g, between 
platinum or silver^ires, the positive wire was always first rendered 
incandescent (3). 

On de la Rivers employing a platinum plate as the positive pole. 


(1) Instit. 1849, 46; Arch. Ph. Nat. X, 227. 

(2) Pogg. Ann. LXXVI, 273. 

(3) Phil. Trans. 1847, 1 Pogg. Ann LXXVI, 270; Arch. Ph. Nat. IV, 350. 
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and placing opposite to it a platinum point as the negative pole> '8nd Sww 
then producing the luminous arc^ a circular blue spot was formed on . 
the platinum resembling the coloured rings of Nobili. De la Rive 
considers it as the result of an oxidation of the platinum^ (it is not 
stated whether his platinum was free from all foreign admixture^) 
because it was not produced in an atmosphere of ‘hydrogen. On 
reversing the experiment, the platinum plate was covered all round 
the opposed platinum point with innumerable small platinum globules, 
which, when examined by the naked eye, formed a white spot. If the 
experiment was continued for some length of time, (1 to 2 minutes,) 
the point was fused. On the other hand, if the wire formed the 
negative pole, as above, it certainly was heated, but without fusing ; 
but the plate, when not very thick, was easily perforated. 

De la Rive(l) has observed a singular influence of magnetism 
upon the voltaic arc. He connected one terminal of a galvanic 
pile with a plate of platinum, or of some other difficultly fusible 
metal, which he placed upon one of the poles of a powerful electro- 
magnet. If now the pointed end of a rod, of the same or of another 
metal, connected with the opposite end of the pile, was brought 
near the plate, and a luminous arc produced, a noise, not previously 
heard, and resembling that resulting from the discharge of a Leyden 
jar, was caused as often as the magnet was brought into play ; at 
the same time, it was necessary to advance the point of the wire near 
to the plate, in order to keep up the luminous arc. 

De la Rive explains this phenomenon by the resistance which 
matter, not sufficiently heated, opposes to the separation of its 
particles, — a resistance here produced by a peculiar change which 
results from the influence^of a magnet upon the molecular consti- 
tution of the substance of the poles. 

De la Rive justifies the assumption of such a change by adverting 
to the fact, that thick rods, not only of iron, but of any other metal, 
even thick columns of mercury, when placed upon the pole of a 
powerful magnet, begin to give sound, if a powerful, but interrupted 
electric current is passed through them. 

Electro-thermal Decomposition. — Some time ago, 6rove(2) re- 
commended the employment of a platinum wire, rendered incan- 
descent by an electric current, and inserted intp the upper part 
of the eudiometer, for eudiometric purposes, — as peculiarly adapted 
to combine the gases rapidly or slowly, according as currents 
whose strength is varied by the introduction of resistances, are 


(1) Arch. Ph. Nat. IV, 355. 


(2) Phil. Mag. 1841. 
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applied ; for by merely conducting the operation properly, a practised 
hmd is able to combine the gases by explosion, or gradually, by 
^ * a mere alteration in the intervals of contact. 

' A series of such experiments lately made by Grove with this 
eudiometer, conducted him to the important discovery that water is 
resolved into its gaseous constituents by red-hot platinum, whether 
heated by electricity or by other means(l}. 

Native osmium-iridium and psdladium operated in a manner similar 
to that of platinum. Silica and other oxides experimented upon by 
Grove only yielded doubtful results. Grove is of opinion that the 
non-polar decomposition of water, first observed by Wollaston, which 
is produced during the discharge of an electric battery by platinum- 
points in wa,ter, depends upon the same cause, viz. that it is not the 
effect of electricity but of temperature. . 

As early as 1802,‘ Sir Humphry Davy observed that whenever 
the electrodes of a powerful pile were • brought into contact under 
water, concentrated sulphuric acid, nitric acid, alcohol, ether, ethereal 
or fatly oils, the moment of contact was marked by a development of 
vivid light add of gas. Poggendorff found on repeating these 
experiments(3) that the phenomenon disappeared on a closer union 
of "the wires being .effected, and did riot occur if they were at any 
sensible distance from one another, but that there was an inter- 
vening point where 4he development of light and gas was at its 
maximum,^ithout the slightest interruption of the continuity of the 
cnrrent(8). Poggendorff concluded that the phenomenon was an 
effect o^ the heat produced by the current, and consequently identical 
with that observed by Grove. The above-mentioned j^quids were 
easily decomposed, on passing through fthem a platinum wire of 
sufficient tenuity to be rented mcandescent under the influence of 
the current. W ' 

Hew Theory of Electricity. — Hare, of Philadelphia, attempts to 
, do away with the electrical theories pf Franklin, of Dufay, and of 
£inp&re by objections which he considers of great importance, and 
endeavours to supersede them by another, according to which elec- 
trical phenomena are deducible fi*om a statical or undulatory polari- 
zatfon dependent upon the antagonist polarity of the wave8(4). 


*(1) Pbil. Trans. 1847, 1 ; Phil. Mag. [3] XXXI, 20, 91; Pogg. Ann. LXXI, 194, 
821. 

(2) Pogg. Ann. LXXI, 226 ; Arch. Pbys. Nat. V, 362 (in abstr.). 

(3) Pogg. Ann. LXXI, 229. 

(4) Phtt. Mag. [33 XXXII, 461 ; Sill. Am, J. [2] V, 230, 343 ; VI, 45. 
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Eleetro-dynamlcB. Eleetro-aynmmoiiieter.— The law Of the reci- 
procal action of electric currents, th^ fundamental law of electro- 
dynamics, given by Ampere, has not hitherto been based in all 
points upon accurate, and therefore indubitable, experimental proofs* 
This chasm in experimental electro-dynamics has been filled by 
W. Weber, who has proved the correctness of Ampere's law, in 
its entire extent, by accurate measurements(l). For this purpose 
he employed a peculiar instrument of his own, termed electro- 
dynamometer, and constructed in the following manner : — ^The two 
galvanic conductors, whose reciprocal action is to be observed, consist 
of two thin copper wires wound with silk, which are coiled up like 
multipliers on the exterior of two cylindrical frames. One of these 
rings encloses a space of sufficient size to receive the other without 
interfering with their free mobility. 

If a galvanic current be conducted through the wires of both rings, 
one exerts a rotatory influence upon the other, which is greatest when 
their centres coincide, and when the two planes parallel with the 
coils of the rings/form a right angle with one another. The common 
diameter of the two rings is the axis of rotation. 

That ring which is to revolve, is suspended by two long and thin 
connecting-wires, which pass perpendicularly to the ceiling, where 
they are attached to two insulated brass hooks. Two conducting- 
wires, in connection with the poles of an el^rometer, are affixed 
to the same hooks. Thus the ele?trife current reaches the ring, 
which moves without the slightest friction, or any other impediment 
to its rotation, beyond the moment of torsion, due to its Jbifilor 
suspension, which is proportional to the sine of the angle of rotation. 
The same or another electric current may be conducted through 
the immoveable ring. The deflections of the moveable ring, which 
are thus produced, are measured from a distance in the same 
manner as those occurring in the bifilor magnetometer. For this 
purpose a mirror is attached to the moveable coil. To prevent the 
mere influence of terrestrial magnetism from causing a rotation, the 
cylinder-axis must be made while at rest to coincide with 'the 
nibgnetic meridian. 

We are obliged to refer the reader to the treatise for a more 
accurate description of the electro-dynamometer. 

By conducting the same current through both rings of this 
apparatus, and also round a galvanometer-needle, and by calculating 

(1) Paper read at the foundation of the Royal Saxon Society of Science, published by 
the Prince Jablonowski’s Sodety, 1846, 209 ; Pog^. Ann. LXXI11, 193 (in abstr.). 
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“rtySr.®* the deflecting forces from the observed deflections^ W. Weber suc- 
■nict. ceeded in exhibiting experimentally the following laws, which hitherto 

had scarcely been more than hypothetical. 

The electro-dynamic force of the reciprocal action of two conduct- 
ing-wires, through which currents of the same intensity are conducted^ 
is proportional to the square of this intensity. 

The same ^laws hold good for electro-dynamic influences at a 
distance, as for those produced by magnetism. 

The electro-dynamometer consequently possesses the property, that, 
when an electric current passes through both coils, the resulting 
deflecting force is proportional to the square of the intensity of the 
current, whereas, in the galvanometer the deflecting force is merely 
in simple proportion to the force of the current. W. Weber has made 
an ingenious application of this difference in the two instruments, 
in order to measure the force and duration of such electric currents, 
as, like the discharge of a Leyden battery, only last a very short time. 

If a current of very short duration be passed round a magnet- 
needle, the action is proportional to the entire quantity of the 
electricity set in motion, or to the force of the current, multiplied 
by the duration. For the velocity of motion acquired by the needle 
is dependent both upon the accelerating force, and upon the time of 
the action. The fomer is in the ratio of the current-force, i. e. of 
the quantity of el^tricity, which simultaneously passes through 
each transverse section. Therefore, if the current-force increases, 
and the duration is proportionally diminished, i. e. if the quantity 
of electricity remains the same, we must always obtain the same 
deflection. We are consequently enabled directly to deduce only the 
quantity of electricity in this instance from the deflection observed. 
In order to determine the intensity, it is necessary to be acquainted 
with the duration of the current. 

If the same current passes through both coils of the dynamometer, 
the corresponding deflecting force is in the ratio compounded of 
those of the duration and of the square of the intensity ; therefore, for 
equal amount of electricity, it is greater, the shorter the duration of 
the current. The simultaneous observation, then, of the deflection 
observed in the two instruments, leads to two equations indepen- 
dent of each another, the one containing the product of the duration 
into the intensity, the other the product of the duration into the 
square of the intensity, from which accordingly both values may be 
deduced. 

Weber has attempted thus to measure the time of discharge of 
an dectric battery, the discharge being effected by means of a 
moistened hempen cord of 7’”'" in thickness. His experiments. 
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which, however, he only considers as preliminary^ led to the CDRclu- 
sion, that the duration of the discharge was nearly proportional to the 
length of the moist cord, and amounted to 0*0816 seconds for 2 metres dyMmo 
(1. c. pag. 226). This result is in lio way opposed to the velocity "*®‘*'* 
of electricity ascertained by Wheatstone for the discharge through 
copper wire/ if we consider that copper conducts many million times 
better than water. 

This combination of the dynamometer with the galvanometer is 
also of importance in reference to the physiological investigation of the 
excitement of nerves by galvanic currents. For it appears that con- 
tinuous currents rapidly lose their effect, especially in the nerves of 
sensation, and that consequently in such experiments, repeated 
momentary currents should be employed. The impressions prbduced 
upon the senses depend less upon the duration than upon the in- 
tensity of the cuiTeht, and it is necessary to be acquainted with both. 

The electric dynamometer has this decided advantage over the 
galvanometer, that it may be employed for the determination of the 
intensity of a series of contrary currents, f. i. of induction-currents, 
with the same accuracy as for the determination of a current with the 
same permanent direction. For, if a current passes at the same 
time through the fixed and through the moveable coil, a reversion 
of its direction takes place at the same time in both. The deflections 
of the bifilor coil are therefore entirely independent of the direction 
of the traversing currents. By thisinaeans W. Weber has succeeded 
in observing induction-currents, which were produced in a coil of 
wire, by the vibratory motion of a magnetic bar of steel, struck so 
as to give rise to a sound. 

General liuw of Induction. — The electro-dynamic phenomena can 
neither be deduced from the law of Ampere, nor from the funda- 
mental laws of electrostatics; the doctrine of electricity therefore 
presents three chief classes of phenomena, the intimate connection 
of which had not hitherto been demonstrated. This demonstration 
has now been given by Weber. 

According to the view now universally adopted there are, in each 
elementary portion of a current, equal quantities of positive and 
of negative electricity^ which move in contrary directions, and 
thus give rise to that disturbance and restoration of the electrical 
equilibrium which we term the electric current* It follows that 
in two elements of a current, subjected to special examination, four 
reciprocal influences of the electric masses have to be taken into con- 
sideration, viz. two repelling influences, — ^between the two positive, 
and between the two negative masses in the elements of the current, 
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---and two attracting influences^ — ^between the positive mass in the first 
and the negative mass in the second^ and between the negative mass 
in the first and the positive one in the second element. 

The resultant of these actions should^ according to the well known 
laws of electro-statics^ be zcro^ because the similar^ mutually repel- 
ling masses are equal to the dissimilar^ attracting masses^ and act 
upon one another at the same distance. Weber has however 
shown^ that if this resultant is to be correctly determined not 
only for the case of ^relative rest, but also generally for every 
motion of both electrical masses towards each other, an addition^ 
magnitude, dependent upon their mutual motion, must be added to 
the value which the electro-static laws assign to the force created 
by two electrical masses upon one another. In ascertaining this 
magnitude he availed himself of the following laws : — 

1st. Electrical masses moving in contrary directions act less power- 
fully upon one another than those moving in the same direction. 

2nd. Two electrical masses influence one another less (repelling 
or attracting according as they are similar or dissimilar), in pro- 
portion to the increase of the square of their relative velocity. 

The former law results directly from the fact, that two elements of 
a current, which are in the same straight line coincident with their 
direction, repel or attract one another, according as the motion takes 
place in the same or opposite direction. The relative velocity, or the 
difierence of the absolute velocities, of two masses is positive or nega- 
tive, according as a mutual approximation or separation results. This 
difierence of sign however exerts no influence upon the amount of 
the mutual influence. The amount of force, therefore, depends upon 
a power expressed by an even number, or, in the first instance, upon 
the square of the relative velocity. 

Proceeding upon these laws, Weber arrived at a mathematical ex- 
pression, from which the fundamental laws of electro-statics and electro- 
dynamics are both deducible with the same accuracy, while there results 
from it, by necessity, a general law for the phenomena of induction. 

Torsion -Balance for the Measurement of Induoitlin-Currents. 
— ^A. Lallemand(l) of Nismes describes a species pf torsion-balance 
which he has constructed for the purpose, not Only of observing 
the effects of induced currents upon one ^iiother, but also of 
measuring the force of their mutual attractions and repulsions. He- 
lices of thin wire coiled spirally in one plane are attached to the 
moveable beam of the torsion-bidance, and other fixed wire-coils are 
suitably arranged opposite to them. The ends of the moveable coils 


(1) Ann. Ch. Phys. [3] XXII, 19. 
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are immersed^ as in Ampere^ s apparatus^ in mercury cups^ which are 
placed perpendicularly under the tofsion-wire. The friction is there- 
fore not avoided in this instrument^ so that it is not adapted to very 
delicate measurements. Lallemand has not obtained any new result 
by the aid of this apparatus. 

On inducUon-currents. Elie Wartmann^ of Geneva, has, in 
the course of several years, published six treatises under the^ title 

Sur divers pMnomknes d^induction^*{l). In the first he com- 
municates his experience on the character ofk^the dependence of the 
induced currents upon the nature of the inducing currents. The 
experiments, however, date from the year 1842, and have been made 
with very imperfect instruments, so that they present no novelties. 

The second treatise, dated March, 1845, Sur la non-interference 
des couranis dlectriqueSy^ is intended to refute an assertion of 
Marianini, made in 1839, that several electric currents are enabled 
to pass through the same conductor without materially interfering 
with one another. Careful attention to Ohm’s laws, sufficiently 
developed for this purpose in 1845, might have served to assist in a 
more satisfactory solution of the question. 

The third, fifth, and sixth treatises are, like the former, charac- 
terized by negative results. 

If a flint glass prism be introduced between the poles of an 
electro-magnet, and a pencil of polarized rays be thrown upon it, the 
development of magnetism exerts no influence upon the position of 
the dark lines in the spectrum. 

Neither statical nor dynamical induction exert any influence upon 
electrolysis. 

Magnets are incapable of producing chemical effects. Induced 
currents exert no reaction upon the force (the total effect) of con- 
tinuous electric currents. 

The electric current is not propagated by radiation. 

Electric and magnetic induction have, according to E. Wart- 
mann^s experiments, no perceptible influence upon the elasticity of 
bodies giving sounds. 

In the fourth treatise, the author describes a rheotrope (commutator), 
which is made on the principle of Jacobies commutator(2), but 
simpler. It is equally applicable to the conversion of continuous 
into intermittent currents^ without changing their direction, as 


(1) Ann. Ch. Phys. [3} XIX, 257, 281, 385 ; XXII, 5, 10 ; XXIV, 213, 360; also 
Archives d'Electricit^, IV, 34 ; V, 440 ; Arch. Phys. Nat. IV, 49 ; V, 143 ; VII, 287 ; 
VIII, 177. 

(2) Memoire siu* rapplication de r^lectromagnetismc au mouvemeiit des machines, 
Potsdam, 1835 ; also Pogg. Ann. XXXVl, 366. 
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with variations in their direction ; it also serves to obtain either of 
the two induction-currents separately, or to conduct both in the same 
directio^. We are unable to describe this useful apparatus more 
minutely without the assistance of a drawing, we therefore refer the 
reader to the treatise itself(l). 

Masneto-eiectrlcai Bfachine. — Many observers who have availed 
themselves of the magnetic-electro apparatus for the production of 
electric currents, have observed that the excitation of the current does 
not keep pace, as migh^ave been supposed, with the velocity of rotation. 
In numerous cases, indeed, a maximum of the current-force has been 
observed to attend a certain velocity of rotation. This deportment has 
been explained by assuming that the production and disappearance of 
the magnetism in the iron cores requires a certain time. This ex- 
planation has, howc^ver, been proved by Lenz(2) to be sufficient for 
those cases only, in which the induction-currents set up are of a very 
low intensity, when, for instance, they have to pass through a great 
length of wire in addition to the coils in which they are developed. — 
On the other hand, in the case of currents, which have only to sur- 
mount comparatively slight external resistances, their force increases, 
for equal velocity of rotation the more slowly, and, as this velocity 
increases, attains a maximum the sooner, the smdler the external 
resistance. 

Lenz accounts for this phenomenon by the reaction of the induced 
currents upon the iron cores, by which magnetism is reproduced in the 
latter ; the maximum of this magnetism coincides with the%iaximum 
of the current-force ; not, however, for that very reason, coinciding 
with the maximum of the primary magnetism of the iron cores 
induced by the magnet, it consequently causes a deviation of those 
points of the rotation in which the induced current-force is at zero, 
or a maximum, 'the amount of deviation increases with the force of 
the current, and consequently with the velocity of rotation. Jt is 
therefore clear, why, in the commutators of the machine, which are 
empirically adjusted for the development of the greatest current-force 
(always in the same direction), the change does not take place at the 
moment when the iroh cores are opposite to the poles of the 
magnet ; if the matter be only superficially examined, this is the 
instant at which the iron cores might be supposed to have attained 
the greatest possible degree of magnetism, and at which the induction 
in the copper wires would be at zero. 

(1) Arch. Ph. Nat. V, 143 ; Ann. Ch. Phys. [3] XXII, 5; Phil. Mag. [2] XXXI, 241. 

(2) Petersb. Acad. Bull. VII, 257. 
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Generalities. Catalysis.— PJiayfair(l) has communicated a paper 
upon the chemical processes in which the co-operation of catalytic 
forces is assumed. He is of opinion, that in many cases, the so-called 
catalytic power is identical with ordinary chemical action, and 
that the attraction of the substance, acting catalytically, is exerted in 
the same direction as that of the body undergoing decomposition^ or 
entering into combination ; under circumstances, however, in which 
the former alone cannot be satisfied. A body is stated to be 
endowed with catalytic power, when it acts, by adding its own attrac- 
tion to that of another body, or by exerting an infiuence sufficient 
under certain conditions, to produce decomposition, ^ but insuffi- 
cient to overcome various powers, such as elasticity and cohe- 
sion, whose action may change the anticipated result. Our space 
will not allow us to follow in detail the individual cases adduced by 
Playfair in order to elucidate his ideas. * The following quotation of 
his view respecting a process which he considers as catalytic, may 
serve as an illustration. Nitric acid, for instance, will not oxidize a 
body A, whose attraction for oxygen is insufficient to decompose this 
acid ; on adding, however, a substance B, which likewise possesses an 
attraction for oxygen, the sum of their united attractions is capable 
of decomposing nitric acid. The oxygen which is removed from it, 
passes, however, entirely to the body A, endowed with the stronger 
attraction ; B, remaining unchanged, appeals to act by catalysis, i. e, 
by contact only, though it is by its ordinary chemical attraction that 
the reaction is induced. ^ 

Influence of hlirb Temperatures upon compound Ga8eli.-^Orove(2) 
has examined the influence of a platinum wire, maintained in a state 

(1) PhU. Mag. [3] XXXI, 192. 

(2) Ibid. 20. 91, 96 ; Ann. Ch. Phys. [3] XXI, 129; Ann. Ch. Pharm. LXIII, 1; 
Arch. Ph.Nat. V, 18, 112. 
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o£ ignition by voltaic ekotricity, upon surrounding gases. Binoxide 
of nitrogen^ confined over water^ is decomposed into nitrogen and 
nitric (when confined^ over mercury^ nitrous acid is formed)^ 
proto;dac of«nitrogen splits into oxygen and niti:ogen ; ammonia into 
nitrogen and hydrogen ; olefiant gas^ partially only, into carbon and 
hydrogen, parbonic acid is not altered.. : 

Decomposition of Water by Heat. — ^Water and steam are decom- 
posed into oxygen and hydrogen. This decomposition succeeds, like- 
wise, with platinum ignited by means other than electricity (1). 
A platinum wire, fused at the end to a ball 6f the size of a small pea, 
and heated in the oxyhydrogen-blowpipe-jet to near its fusing tem- 
perature, when suddenly plunged into watdr, evolves a mixture of oxy- 
gen and hydrogen. Steam is likewise decomposed when conducted 
through a white-hot tube of platinum, or by the infiuence of electric 
sparks passing^ from one pole to another. 

Wilson(2) has discussed the question, how far Grovers experi- 
ments prove the decomposition of water in the same circum- 
stances under which it is produced from its constituents. He ob- 
serves, that proto-sesquioxide of iron, as produced by combustion of 
iron in oxygen, when heated to whiteness, evolves bubbles of gas 
from water ; he at first believed that, in this case, a decomposition 
of water by heat might be assumed, but by accurate experiment, he 
found the evolved gas to consist of hydrogen, while an admixture of 
metallic iron was found in the oxide. 

ComporUneut of Anhydront, Acids towards Yegetal Colours. — 
The deportment of anhydrous acids towards vegetal colours, f. i., 
litmus, has been investigated by Wilson(3). The fact that anhy- 
drous hydrogen-acids, f. i. hydrochloric acid, redden litmus paper, 
while oxygen-acids produce no action except when in the state of 
hydrates, has been adduced as an argument in support of the view, 
that the so-called hydrates of oxygen-acids should rather be regarded 
as hydrogen-acids. A series of experiments has been conducted by 
Wilson, with the purpose of testing the correctness of this view. 
Perfectly dry gaseous sulphurous acid does not, redden litmus-paper, 
even when idlowed to remain in contact for a considerable time ; the 
same^ deportment, ho|fever, is likewise observed with dry hydro- 
sulphuric acid. . Wilson remarks tliat, in such experiments, it is not 
only the absence of water that influences the results, but other 


(1) Anu. Ch. Phys. [?] XIX, 253 ; Pogg. Ann. LXX, 447. 

(2) Chem. Soc. Mem. Ill, 332; PWl. Mag. [3] XXXI, 177. 

(3) Chenju Soc. Qu. J. I, 332. 
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circumstances also; f. i., that aqueous sulphurous acid acts in the 
liquid state ; anhydrous^ however, usually in the form of gas. In 
order to obtain results more comparative respecting the itf^tion of 
anhydrous liquid sulphurous acid, he placed litmus-paper in contact coioun. 
with the liquid, talang the greatest precaution to exclude every 
trace of moisture. At first, the blue colour of the paper was not 
altered ; after 4 to 5 hours it wa» changed to a dark purple ; in 
twenty hours it had been reddened. Wilson believes that the sul- 
phurous acid decomposes the organic matter of the paper, and that by 
assuming the elements of water, it thus acquires the property of red- 
dening litmus, while anhydrous liquid sulphurous acid has no action 
upon it. He believes that facts such as these are not likely to lead 
to conclusive views respecting the chemical constitution of acids. 

views resardlngr the Salts. — Oerhardt(l) has published investiga- 
tions upon the salts. He adverts to the influence exerted by the order 
in which two salts are mixed upon the product obtained, which 
may differ according as the one is added in large excess to the other, 
or vice versd. The influence of temperature and the presence of 
water is likewise considered. He defends the view that acids and 
bases must not be separated from the class of compounds called salts 
exclusively. Salts are molecular systems containing either 
hydrogen, or a metal which may be exchanged for another metal or 
hydrogen (2). The notation : neutral, basic, and acid salts, is 
arbitrary ; more appropriate would be the term dquiseh fo'fi Com- 
pounds corresponding to combinations of equal volumes of hydjTogen 
and a non-mctallic body (hydrochloric acid for instance), or to 
volumes of water, and of a so-called anhydrous acid (hydrated sulpht^ 
acid for instance) ; aoussels and aursels would represent compounds 
containing the elements of an (quisel respectively, plus or minus a 
quantity of metallic oxide. 

Oxygen. — Keller(3) has published some experiments, showing 
that an evolution of oxygen takes place^ when chloride of lime is 
boiled with water. 

Some observations have been published by Kolbe(4) upon the 
oxidizing influence of oxygen when liberated in the circuit of the 
galvanic current. By the decomposition of a concentrated solution of 

(1) J. Pharm. [3] XII, 67 ; Ann. Ch. Phann. LXIV, 284. 

(2) Respecting this view, compare Liebig’s Memoir upon the Constitution of Organic 
Acids, Ann. Chim. Pharm. (1838) XXYl, 181. 

(3) Recrt. Pharm. [2] XLVII, 69 . 

(4{ Phil. Mag. [3] XXX, 334; Chem. Soc. Mem. Ill, 285 ; J. Pr. Chem. XLI, 137 ; 
in abstract, Ann. Ch. Pharm. LXIV, 236. 
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sesquichloro-cacbo-hypofldphata^iQfpQtM^ of perchlorate are 

separated (KO, CI 3 S 3 Oft^+la OrsKO, Cl 0^+2 SO 3+2 CO 3 + 
2 Cl). In a solution of chloride of potassiunij even in presence 
of sdpburic acid> chlorate^ and finally perchlorate of potassa are 
formed. Cyanide of potassium is converted inhp.cyanate of potassa. 
By employing a concentrated solution of chloride of ammonium^ 
the positive pole^ consisting of a. plate of platinum^ is covered with 
small drops of chloride of nitrogen. 

Ozone. — Some observations and experiments on ozone have been 
published by Williams on(l). He critically examines the view adopted 
by Schonbein^ and is inclined to consider ozone as a peroxide of 
hydrogen. He explains its formation by the action of phosphorus 
upon steam and oxygen, according to Liebig^s view, respecting the 
induction of chemical combination, by the transference of chemical 
action. The combination of phosphorus with oxygen occasions a 
simultaneous formation of peroxide of hydrogen by the union of 
water and oxygen. 

Some experiments on the action of ozone, chlorine, and bro- 
mine upon salts of manganese, and basic lead-salts, have been com* 
municated by Schonbein ( 2 ). Ozone, produced either by means 
of phosphorus, by galvanic decomposition of water, or by frictional 
electricity, decomposes, solutions of the salts of protoxide of man- 
ganese with separation of hydrated binoxide. Paper moistened with 
such a solution becomes brown. Under the influence of solar 
radiation, chlorine- and bromine-water act in the same; manner, 
though more slowly. Chlorine- and bromine-water, or atmosphe- 
ric air impregnated with ozone, produce from basic acetate of lead 
brown binoxide of lead. Solutions of the salts of protoxide of manga- 
nese may thus be employed as sympathetic inks ; writing of this kind, 
when exposed to the vapour of ozone, immediately becomes brown(3) ; 
the colour disappearing after some time, will re-appear when 
again exposed to ozone(4). Solutions of protoxide of manganese 
in contact with air and' phosphorus (when at a temperature of 
15^ to 20^ ozone is produced) become of a columbine red. A 
similar change takes place on agitating the solution of protoxide of 
nianganese, previously jfnixed with phosphoric, or the so-caUed phos- 
phatic acid, in air, containing ozone; this is, according to Schon- 

(1) Ann. Ch. Pharm. LXI, 13. 

(2) Pogg, Ann. LXXII, 450. - 

(3) Ibid. 457; Phil. Mag. [3] XXXI, 176; J. Pr. Chem. XLll, 383. 

(4) Ibi^ LXXV, 366. 
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bein(l)^ occasioned by the fonnaticm of permanganic acid. Under 
similar circumstances^ binoxide crf^lead^ chlorine- and bromine- 
water^ employed instead of ozone^ give rise to a red colour. 

Schdnbein has published(2)/ moreover^ some recent experiments 
upon the presence of ozone in the atmosphere. A mixture of starch- 
paste and iodide of potassium became gradually blue in the open air ; 
paper moistened with sulphate of protoxide of manganese slightly 
changed to brown^ in the same manner as in air impregnated with 
ozone ; this does not^ however^ take place in confined air. He con- 
siders it very probable that the proportion of ozone in the atmosphere 
stands in intimate relation to the prevalence of catarrhal affections. 

While no ozone is produced by phosphorus in moist oxygen^ at 
the ordinary temperature and density of the air^ it is formed, accord- 
ing to Schonbein(3), in oxygen rarified, or heated above 24®; 
generally under those conditions under which phosphorus becomes 
luminous in oxygen. 

In connection with his researches on ozone, Schonbein(4) has 
I)ublished a memoir on the various chemical conditions of oxygen. 
He endeavours to establish the view, that oxygen may exist in two 
difierent states, in the ordinary form, and in the state in which it is 
more inclined to enter into chemical combination ; the latter form 
he distinguishes by the term oxylized oxygen. He mentions those 
compounds in which he supposes the presence of oxylized oxygen, 
and communicates some views of his own respecting the composition 
of several oxygenated bodies ; he expresses some doubts regarding 
the supposition, that ozone is oxygen in a peculiarly modified state, 
and hints at some conclusions which are likely to emanate from this 
view when more completely developed. 

Some experiments have been described by Osann(6), accord- 
ing to which no ozone was produced by the electrolysis of pure water ; 
whilst the diffusion of frictional electricity into an atmosphere 
of hydrogen gave rise to the odour of ozone. He found that 
ozone-odour was invariably produced, whether the frictional elec- 
tricity was discharged either from platinum, copper, brass, or iron. 
He considers that these experiments arc equally unfavourable to the 
view, that ozone is an oxide of either hydrogen, or nitrogen, and 
asks, whether the electrical ozone-odour in reality belongs to the 
same substance which is obtained in chemical processes. — In a more 


(1) Pogg. Ann. LXXII, 459. (4) Pogg. Ann. LXXI, 517. 

(2) Ibid. 462. (5) IWd. LXXI, 458. 

(3) Ibid. LXXV, 307. 
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osone. recent communication(l) he acknowledges the identity of phosphorus- 
ozone^ and that which is generated by electricity; he farther describes 
experiments made to ascertain what aqueous solutions yield ozone 
on electrolysisj and adds some observations on ozonized air gene- 
rally^ (for the preparation of ozonized oxygen^ he recommends the 
electrolysis of a concentrated solution of sulphate of zinc contain- 
ing undissolved crystals.) 

Water. — ^For '^decomposition of water by heat,^^ see Report^ p. 248. 

Tilghman(2) has communicated some observations (partly 
known previously) upon the decomposing power of steam at high 
temperatures. If the vapour of water be conducted over chloride 
of calcium^ chloride of barium^ or chloride of strontium^ at a strong 
red heat, hydrochloric acid is formed, while pure lime, strontia or 
baryta will remain behind ; at a dull red heat it expels the acid from 
sulphate of magnesia, at a red heat from sulphate of lime, at a 
moderate white heat from sulphate of baryta, and at a strong white 
heat, though slowly, from basic phosphate of lime. Magnesia, 
lime, and particularly alumina, greatly facilitate the decomposi- 
tion of sulphates of potassa and soda, and of chlorides of sodium 
and potassium. Alum is decomposed completely, and at its fusing 
point, even felspar so far, that the powdered mass yields a solution 
of a strongly alkaline reaction, from which crystals e||^alam are 
deposited on addition of sulphuric acid. — Solly(3) has commu- 
nicated farther details respecting Tilghman^s patent ptbcess for 
obtaining, by the action of steam on common salt mixed with lime 
or alumina, a product which, on treatment with water, yields a 
strongly alkaline ley. 

Hydrates. — Some researches on the influence of water upon the 
acid or basic character of chemical compounds have been published 
by Fremy(4). He arrives at the following conclusions : Istly, that 
in most cases, it is not the presence of water on which the acidity of 
acids depends, since many acids may be reduced to the anhydrous 
state, without losing the faculty of combining with bases, and of 
expelling weaker acids from their combinations ; 2ndly, that several 
hydrates, for instance, protoxides of tin and copper, sesquioxide of 
c^omium, which comport themselves as weak jjimds, owe this pro- 


(1) Pogg. Ann. LXXV,^6. 

(2) From Trans. Amer. Phil. Soe. X, 2 , Chem. Gaz. 1848, 180. 

(3) Pharm. J. Trans. VIl, 416; Sill. Am. J. [8] VI, 260, (in detail). 

(4) J. Pharm. [3] XI, 169 ; (in abstiact), Ann. dSl Pharm. LXIV, 223 ; J. Pr. Chem. 
XL, 355 ; Ann. Ch. Phys. [3] XXIII, 385 ; (m fi4D, J. Pr. Chem. XLV, 193. 
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perty to the presence of water only : when deprived of it they are 
no longer soluble in alkalies; Srdly, that the acid character of 
metastannic acid (anomalous binoxide of tin) is entirely due to the 
water it contains ; that this, however, is not the case with stannic acid 
(normal binoxide of tin); 4thly, that the basic character also of 
metallic oxides appears to be influenced by the presence of water ; 
for instance, hydrated suboxide of copper forming salts with the same 
acids which decompose anhydrous suboxide. We here quote from 
Fremy^s memoir only his conclusions relating to the action of 
water, referring for the other details to the several articles on hy- 
drated suboxide and protoxide of copper, sesquioxide of chromium, 
stannic and antimonic acids. 

Carbon. — Jacquelain(l) has performed some experiments upon 
the efiects of high temperatures upon diamond and coke ; diamond was 
softened and coked by the heat produced between the charcoal points 
of a Bunsen^s battery, consisting of 100 elements ; thus converted, 
it exhibited a spec. grav. = 2*678, having had before the experiment 
a spec. grav.=: 3*336: although friable, it yet remained sufficiently 
hard to scratch glass. A diamond, when heated in an atmosphere 
of carbonic acid by an oxy-hydrogen, or an oxy- carbonic oxide blow- 
pipe, gradually disappeared without being softened; a similar deport- 
ment was observed with hard coal, which, however, even after 
continuous ignition in chlorine, still exhibited the presence of impuri- 
ties, which fused into globules yielding with soda a transparent bead. 

Some experiments have been made by Schonbein(2) on the 
absorption of chlorine and vapours of bromine and iodine by vegetal 
charcoal, and on the action of the latter upon hydrated nitric and 
hyponitric acids. 

Garbonie Acid. — ^R. E. and W. B. Bogers(3) have observed that 
at the temperature of 180^ to 230^, diamond is completely con- 
verted into carbonic acid, by a mixture of bichromate of potassa and 
sulphuric acid. 

The comportment of solid carbonic acid with bases has been 
described by Channing(4) ; when placed in contact with hydrates 
of potassa and soda, sufficient heat* is evolved to inflame gun-cotton. 
With caustic baryta, strontia and lime, oxides of lead, zinc and 
copper, no increase of temperature is perceptible ; with their hydrates, 

(1) Compt. Rend. XXIV, 1050; Ann. Ch. PhysTXX, 459. 

(2) Pogg Ann. LXXIll, 326. 

(3) Instit, 1848, 379 ; SiU. Am. Jonm. [2] VI, 110. 

(4) SiU. Am. J. [2] V, 184 ; Cbcm. Gaz. 1848, 177. 
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a slight evolution of heat takes place^ which^ however^ in the case of 
the last three oxides is scarcely appreciable. 

The absorption of carbonic acid by water at different temperatures 
has been investigated by W. B. and B. E. Bogers(l) : 100 vol. of 
water absorb^ according to these ob8ervers> the barometer being at 
80 English inches^ the following vol. of carbonic acid : 

at 0® 40-4 1000 150-6 210-1 260-7 .320-2 370-8 6506 

175*7 147*9 122*2 100*5 83*8 68*6 57*5 50*3 11*4 vol. 

the latter volumes reduced to 16®*6. Water, even when boiling 
under the same atmospheric pressure, still absorbed a perceptible 
quantity of carbonic acid. 

W. B. and B. E. Bogers(2) have farthk observed that hydrated 
sulphuric acid at 16^, absorbs 94 vol. of carbonic acid, while the 
fuming acid dissolves not less than 125 per cent. With reference 
to their observations, Noad(3) has published some experiments, by 
which it appears that the quantity of carbonic acid absorbed in 
analysis by its passage through sulphuric acid may be neglected. 
In consequence of this statement, W. B. and B. E. Bogers(4) have 
again made some experiments, to prove that hydrated, sulphuric 
acid, by continuous contact with carbonic acid, (by the passage 
of a rapid current, for instance,) is capable of absorbing 76 vol. 
per cent., which are not completely expelled even at temperatures 
above 100® ; with regard to the absorptive power of fuming sulphuric 
acid, they adhere to their former statements. 

Propositions have been made by Mohr(5) for the best method 
of preparing carbonic acid solutions. Du Mdnil(6), Mohr(7), and 
Grager(8) have exchanged their views respecting the utility or 
inutility of these pharmaceutical agents. 

Lasaaigne(9) has found that one part by weight of the following 
carbonates is dissolved at 10® by the annexed quantities of water, 
saturated with carbonic acid : 


(1) Sill. Am. j. [2] VI, 96. 

(2) From Ed. Montl^y Journal, Feb. 1848, hi Chem. Gaz. 1848, 113. 

(3) Chem.Gaz. 1848,671. 

(4) Ibid. 477. 

(5) Ann. Ch. Pharm. LXI, 81. 

(6) Aieb. Pham. [2] Ll^ 23 ; LIV; 8. 

(7) Ibid. [2] LIII, 44. 

(8) Ibid. [2] LV; 169. 

(9) J. Chim. M4d. [3] IV, 312; J. Pr. Chem. XLIV, 247. 
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Carbonate of lime by . . . . . . 118® 

„ baryta by . . . • . ... 688 

„ st'rontia by . . . . . . 888 

„ protoxide of manganese by . . . 2500 

,, protoxide of silver by . . . . . 961 

„ protoxide of zinc by . . ; . . . 1428 


„ hydrated carbonate of protoxide of copper by . 8888 

,, carbonatejof protoxide of lead by . . ^ 7144 

At 0®, one part of earbonate of lime dissolved in 1428 parts of 
carbonic acid water. With this variation of solubility, it is very 
improbable that (as Lassaigne imagines) a definite stoechiometrical 
relation exists between the quantity of carbonic acid contained in 
the neutral salts and the solvent employed. 

Accpirding to J. Davy(l), water which has been saturated, under 
acid, dissolves an appreciable quantity of 
phosphate lime). Gypsum does not 

dissolve in it more readily than in pure water, while alumina remains 
perfectly intact. 

Bor'on. Borates.'’^ A synopsis of the composition of the borates, 
according to the views of Laurent and Gerhardt( 2 ), has been 
given by the former. 

Binorate of Soda. — ^Bolley( 8 ) has observed that free ammonia is 
evolved on mixing solutions of borax and chloride of ammonium, 
employed in the proportion of two equivalents of the former to one 
of the latter ; the solution, when slowly evaporated, deposits crystals, 
requiring five or six parts])of water for solution, and exhibiting the 
composition NaO, 4 BO 3 + 10 HO. The solution has ho action 
upon either litmusi or turmeric paper ; on addition of dilute sul- 
phuric or nitric acid, a white precipitate of boracic acid is pro- 
duced. By an excess .of chloride of ammonium, borax is com- 
pletely converted into common salt and boracic acid. Bolley is .of 
opinion, that the native boracic acid may be produced by the action 
of chloride of ammonium upon minerals containing this acid^ 

Phospliora*. Amorplious modllleatlon of Pbospliorus.— •Sclirot- 
*ter(4) has found that the red colouration which phosphorus 
assumes when exposed to light, does not arise from pxida- 


(1) Edin. new PhiL Journ. XLV, 61. (2) Compt. Rend. XXIV, 94. 

(3) Chem. Gaz. 1849, 60; Ann. Ch. Pharm. LXVIII, 122 ;-J. Pr. Chem. XLVl-, 410. 

(4) Wien. Acad. Ber. 1,1848, 130; Ann. Ch. Ph. [3] XXIV, 406; Compt. Rend. 
XXVII, 427 (in abstract) ; Ann. Ch. Pharm. LXyill, 247. 
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tion, but is dae to the formation of a new^ amorphous modification^ 
which had been anticipated by Berzelius. The latter modification 
is obtained in considentble quantity whenever phosphorus^ in an atmos- 
phere in which it qannot oxidize^ is persistently exposed (for about fifty 
hours) to a temperature approaching its boiling pointy (240^ to 250^). 
The fused phosphorus^ colourless and transparent in the beginning of 
the experiment^ becpmes red and opaque ; the amorphous modification 
may be separated from the ordinary one by bisulphide of carbopi in 
which the former ia insoluble. Amorphous phosphorus^ when dry^ 
forms a lustreless^ scarlet or carmino powder^ the colour of which 
darkens on heating; its specific gravity at 10^ is 1*964^ exceeding 
that of ordinary phosphorus. ^ (According to Schrotter^ the specific 
gravity of ordinary phosphorus in the solid state at 10^ is from 1*826 
to l*840j in the liquid^ state at 45^^ 1*88). The amorphous modi- 
fication becomes luminous in the dark only at a temperature close to 
its point of iudanimation (260^) ; it is either insoluble or only slightly 
soluble in the solvents of or^nary phosphorus; it combines with 
chlorine without evolution of light. The combination with bromine 
is attended with light. Dilute potassa-solution acts very slowly on 
amorphous phosphorus even on ebullition ; concentrated potassa dis- 
solvies it with evolution of pure uninflammable phosphoretted hydrogen. 
When heated^ it is reconverted into the ordinary phosphorus^ %hich 
distils oyer. Incidentally to this investigation^ Schrotter has 
carefully examined the boiling points of phosphorus under several 
pressures. He obtained the following results : 

120”*“ 165® 204«” 180® 389“® 209® 393“” 226® 

173 170 266 200 359 218 514 230 

Napoli(lJ is of opinion that the yellow colouration and imper- 
fect transparency of phosphorus does not necessarily arise from any 
impurity^ but may be founded on a peculifir molecular condition. He 
appears to believe that it depends on the temperature of the water in 
which phosphorus is meltedj n^hether this substance solidifies yellow 
and translucent^ or colourless. 

AecordUng to Schonbein(2)^ phosphoruS'^vapOur^ as such^ is in- 
odorous^ and the odour which pljosphorus possesses is a mixed one^ 
arising simultaneously from pzone and phosphorous acid. 

FliaspiiorieAeia.*— Our knowledge. of phosphoric acid has been 
considerably extended during the years 1847 and 1848. Several 
nipdificatiomi of this^acid^ hntU then unknown, have been investigated. 



(1) Comjl R9»d, 3pCV',^69. (2? Pogg. Ann. LXXV, 377. 
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H. Rose(l) has given a synopsis of tlie isomeric states of phosphoric 
acid> and has investigated more fully* the reactions of these modifi- 
cations^ particularly of their soda-compounds^ in addition to various 
facts^ to be farther noticed in the following pages.||^ * 

Common phospiiorie Acid. — ^With^ respect to common phosphoric 
acid^ Rose has called attention to the fact that m&ny insoluble phos- 
phates are soluble in an excess of the saline solution in which they 
are produced by precipitation with phosphate of soda ; the solution 
thus obtained possesses generally the property of yielding, when 
heated, a considerable precipitate, which disappears again on cool- 
ing. Rose considers this deportment as particularly characteristic 
of common phosphoric acid. In employing an exdess of pyrophos- 
phate of soda, the precipitate first formed may likewise be dissolved, 
and a turbidity produced on application 5f heat. This turbidity, 
does not, however, disappear on cooling. 

piio«ipiiate of Soda. — ^According to Oerhardt(2), the phosphate of 
soda, 3 NaO, POg, still retains 1 equivalent (5’2 per cent) of water at 
100®, so that when dried at this temperature, it is 3 NaO, POg -f HO ; 
this water is not even perfectly expelled at 200®, but only by 
heating to redne8s(3) ; the ignited salt again takes up with avidity 
this 1 equivalent of water; when slightly moistened, it evolves a 
considerable amount of heat. He states that the corresponding 
baryta- and lime-compouriib likewise retain water at 200®. 

pnospiiate of liitiiia. — ^Rammelsberg(4) has found that common 
phosphoric acid enters into at least tlwee combinations with lithia. 
3 LiO, POg is obtained by addition of phosphate of ammonia and 
free ammonia to an acid solution of acetate of lithia, or of phosphate 
of ammonia only to a neutral solution of the latter salt, or by heating 
carbonate of lithia with water and a alight excess of phosphoric acid ; 
it forms a crystalline powder, containing 1 equivalent of water of 
crystallization, which is expelled tefore heating to redness. This 
salt is soluble in 833 times its weight of water at 12®, and does not 
fuse on being heated. A compound 3*XdO, POg + LiO, HO, POg+ 
2 HO is formed on precipitating chloride of lithium with phosphate 
of ammonia. It is a crystalline powder, soluble in 200 times its 


(1) Berl. Acad. Ber. Nov. 1848, 409; Instit. 1849, 135; Arch. Ph. Nat. X, 310; 
complete in Pogg. Ann. IXXVI, 1 ; Phil. Mag. [3] XXXIV, 32^. 

(2) J. Pharm. [3] XII, , * 

(3) According ta Gr^am's foimer experiments this, takes place only af&r r^aiedly 

pulverizing and igtdiing it. ^ ^ ^ 

(4) BerL Acad. Ber. Nov. 1848, 385; Instit. 1849^ more in detail. Pogg. 
Ann. LXXVI, 261. 
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Phospbate of water^ which loses 2 equivalents of water at 100 ®. LiO, 

iithia. 2 HO, PO 5 may be produced by dissolving the first of the above- 
named salts in nitric acid, evaporating the excess of this acid, dis- 
solving the residue, and crystallizing, or by heating carbonate of 
Iithia with excess of phosphoric acid, and evaporating the liquid 
separated from the precipitate formed, or by evaporation of a solution 
of neutral acetate of Iithia with phosphoric acid. It forms pretty 
large, easily soluble erystals, deliquescent in air, and parting with 
no water at 100 ®, but with 1 equivalent at 200 ®, when they are con- 
verted into pyrophosphate. 

Phosphate of Baryta. — According to Ludwig(l) the precipitate 
obtained with common phosp^te of soda and chloride of barium — 
in whatever order the solutions be mixed, and whichever be in 
excess — ^is 2BaO, HO, POgj one part of this salt by weight is 
soluble in 4362 parts of water, containing 1*2 per cent, of chloride of 
sodium, and 0*8 of chloride of barium. If this precipitate be 
dissolved in hydrochloric acid, and reprecipitated by ammonia, a por- 
tion of the phosphoric acid remains in solution, and the precipitate 
produced contains chlorine, which cannot be removed by washing, 
• but is present in variable quantities ; the product of one preparation 
was found soluble in 17912 parts by weight of pure water, and in 
8495 of water containing^ chloride of bariim, chloride of ammonium 
and ammonia; when dried in air it was fouR to correspond to 15BaO, 
6 PO 5 + BaCl + 6 HO. 

Phospbate of Basnesla ana Ammonia. — BouBsingault(2) recom- 
mended the addition of a salt of magnesia (for instance, chloride of 
magnesium) to putrefying urine, in order to collect both the phos- 
phoric acid in the unne and the ammonia formed, and to obtain, 
in the deposited phosphate of magnesia and ammonia, an efficient 
manure. A similar proposal haed previously been made by E. A. 
Smith(3). 

Pbosphato of Ume. — ^Baewsky(4) agrees with the view already 
previously proposed, that the so-csdled artificial bone-earth is not 8 CaO, 
8 PO 5 (which composition had been ascribed to it by Berzelius), 
but 8 CaO, PO 5 . The latter formula, however,, does not represent 
the composition of phosphate of lime contained in bones, since a 
larger quantity of phosphoric acid jbas been obtained in the analysis 


- % 

(1) Arch. Pharm. [2J LVI, 2^5 ; Ann. Ch. Phann. LXYIII, 254 (in abstract). 

(2) Ann. Ch. Phys. [S] XX, 117. 

(S) Chem. Soc. Mem. HI, 302. 

(4) Compt. Rend. KXVI, 205 ; Instit. 1848, 125. 
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of certain bones. The acid phosphate of lime CaO, 2 HO, POg, is 
decomposed by alcohol into free acid and a phosphate, which, 
however, is not neutral phosphate of lime, but contains 3 CaO, 
2 POg, 4 HO. The precipitate formed in the decomposition of 
chloride of calcium, by phosphate of soda, is not always of the 
same composition ; a solution of chloride of calcium being added to a 
solution of phosphate of soda produces 2 CaO, POg, 4 HO, while, on 
addition of a solution of phosphate of soda to that of chloride of 
calcium, a precipitate of 2 CaO, POg, 5HO is formed.— Bal^(l) 
has e^mined the deportment of phosphate of lime with acetic 
acid, in which this compound is sometimes perfectly soluble. He 
found that by adding a solution of phosphate of soda to chloride of 
calcium solution (an excess of the former being avoided), a precipitate 
was formed, yielding, with acetic acid, a solution remaining clear 
even after the lapse of some time. The precipitate produced by an 
excess of phosphate of soda was likewise soluble in acetic acid, the 
solution, howevei*, deposited crystals after some time. Baer prepared 
a quantity of these crystals by mixing a solution of phosphate of 
soda with acetic acid, and adding a solution of chloride of calcium. 
The crystalline precipitate, when washed, was easily soluble in nitric 
and hydrochloric acids, but difficultly so in acetic acid and water. 
When dried over sulphuric acid, it was found to have the composi- 
tion 2CaO, HO, POg + 4 HO. 

Liebig(2), with reference to the which he formerly 

expressed, that phosphate of lime was^Rpdble in w’ater containing 
chloride of sodium, ammoniacal salts, or carbonic acid, and was 
thus conveyed to the plants, has now more minutely stated that 
1 litre of water, saturated with carbonic acid, dissolves 0’6626 grm. 
of bone-earth, of which 0*600 grm. is deposited on boiling. — 
Lassaigne(3) states that water containing its own volume of car- 
bonic acid, dissolves, by contact during twelve hours at 10®, 0-000760 of 

S ally prepared basic phosphate of lime, 0*000166 phosphate 
e from fresh bones, and 0*000300 from bones that have been 
ground about 20 years ; farther(4), that 40 cubic centimetres 
of water, containing of their weight of chloride of sodium, dis- 
solve 0*0127 grm. of basic phosphate of lime, and that the presence 
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(1) Pogg. Ann. LXXV, 15J2 ; Ann. Ch. Pharm. LXVIII, 255 (in abstract). 

(2) Ann. Ch. Pharm, LXfc 128. 

(3) J. Chim. M4d. [3] 11 ; IV, 536. 
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Phosi>hate chloride of ammonium in the water, still increases the so- 
iim«. lability. — ^A. Cpum(l) has ascertained the quantity of phosphate 

of lime (3 CaO, PO5) which is dissolved at 87®, by acids so diluted 
that they contain 1 equivalent of anhydrous acid, to 1000 equivalents 
of water. He finds 100 parts of nitric acid thus diluted, being 
left for two hours in contact with the phosphate, and frequently 
stirred, to dissolve from 0*747 to 0*768 of this salt; hydrochloric 
aci^from 0*802 to 0*910; acetic acid from 1*10 to 1*12; tartaric 
acia from 1*26 to 1'33 ; malic acid from 0*899 to 940 ; lactic acid 
from 0*820 to 1*150; and sulphuric acid from 1*16 to 1*30; he 
endeavours to deduce stoechiometrical relations from these numbers. 

Phospiiate of Protoxide of manBaneBe. — ^According to Heintz(2), 
small prisms of MnO, 2HO, PO 5 + 2HO separate from the syrupy 
aqueous solution of the mass obtained by heating phosphoric acid with 
binoxide of manganese till the latter is reduced, or from the solution in 
phosphoric acid of the precipitate formed by common phosphate of soda 
in a salt of the protoxide of manganese ; they part with their water 
of crystallization at 120 ®, and are easily soluble in water, but diffi- 
cultly so in alcohol; the latter withdraws phosphoric acid, and 
leaves a salt containing 2 atoms of base to 1 of acid. Heintz found 
the precipitate produced by common phosphate of soda in sulphate of 
manganese to be 3 MnO, PO 5 + 7 HO ; 4 HO escape at from 110 ® 
to 120®, the remainder being expelled only by a red heat. By the 
action of ammonia on thU^alt when freshly precipitated, the double 
salt 2 MnO, NH 4 O, PO^^f 2 HO, discovered by Otto is pro- 
duced; Heintz obtained the same compound by dropping a slightly 
ammoniacal solution of sulphate of manganese, mixed with chloride 
of ammonium into a solution of common phosphate of soda; the 
precipitate produced, at first gelatinous, soon changed into crystalline 
scales, possessing *all the propelties and the composition of Otto^s 
double salt. On boiling phosphoric acid with. an excess of tl^e 
freshly precipitated salt 3 MnO, PO 5 , the residue, remaining insoluble, 
assumed a crystalline texture, forming small white granidar cry^ls 
of 2 MnO, HO, PO 5 + 6 HO, losing 5 HO at from 110 ® to 120® ; 
they are easily soluble in strong acids, difficultly so in acetic acid and 
water, and insoluble in alcohol. The same Compound is formed, 
when to a solution of sulphate of manganes^'' 4 ufidified with acetic 


(1) Ann. Ch. Pharm. LXIII, 394. 

(2) Pogg. Ann. LXXIV, 449; LXXV, 174; Ann. Ch. Pharm. XLVIII, 257 (in 
abstract) ; Ghem. Gaz. 1848, 488. 
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acid (hydrochloric or phosphoric acid) common phosphate of soda is p*^®^^***^* 
gradually added^ till the precipitate* formed no longer disappears^ 
manganese still remaining in solution; after filtration, the amorphous 
precipitate becomes crystalline^ and the filtrate likewise deposits 
crystals of the above compound. 

Herrmann(l) found the light brown-red crystals, which according 
to L. Gmelin are obtained by strongly heating binoxide of manganese 
with phosphoric acid, extracting with water, and evaporatings the 
colombine-red solution, to be of varying composition. He found 
from 24-8 to 87‘8 per cent of binoxide of manganese, and 49*4 to 
49‘9 per cent of phosphoric acid; for the peach-blossomed powder, 
which remained on extraction with water and was insoluble in acids, 
with the exception of hydrochloric acid, he ascertained the com- 
position to be Mng O 3 , 8 PO 5 , 2 110. 

Phosphate of Protoxide of Lead. — According to Heintz(2) the 
compound 3 (8 PbO, PO5) H- Pb Cl 4* HO is obtained, if a boiling 
solution of protochloride of lead be poured into a boiling solution of 
common phosphate of soda, the latter remaining in excess, the 
mixture agitated, boiled, and the precipitate washed with hot water, 
and dried at 130®. This compound is insoluble in water, difficultly 
soluble in concentrated nitric acid, but easily so in dilute ; on ignition 
it loses water, but does not change in colour. If the phosphate of 
soda be added to the solution of protochloride of lead, the latter 
remaining in excess, another compound 2 (3 PbO, PO 5 ) + Pb Cl, 
not differing in appearance from the former, is produced, which turns 
yellow on being heated, before fusion, but becomes white again on 
cooling, until, when repeatedly ignited, it is converted by the elimi- 
nation of a certain quantity of protochloridc of lead, into the former 
compound, when it no longer turns yellow on being heated. — 

Heintz finds the precipitate produced by mixing aqueous solutions 
of nitrate of protoxide of lead and phosphate of soda, to be free from 
nitric acid, excepting when formed in the presence of pretty concen- 
trated nitric acid ; this precipitate has, however, no constant compo- 
sition, inasmuch as^ (when dried at from 110 ® to 120 ®) it was found 
to contain from 74*7 to 81’9 per cent of protoxide of lead, from 17‘7 
to 22.6 of phosphoric acid, and from 0*4 to 2‘7 of water ; in all the 
analyses, the sum of the oxygen of the protoxide of lead and water. 


(1) Pogg. Ann. LXXIV, 303; J. Pharm. [3] XIV, 399. 

(2) Pogg. Ann. LXXIII, 122; Ami. Ch, Pham. LXVIII, 287 (in abstract); J. Pr. 
Chem. XLII, 142 ; Berl. Acad. Ber. 1847, 227; Inslit. 1848, 97; J. Pharm. [3] XIV 
153. 
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phoiphate nearly fths of that in the phosphoric acid.— The compound 
protojWe 2 PbO, HO, PO5 was produced by precipitating a boiling solution of 
nitrate of protoxide of lead with pure phosphoric acid; it is a 
beautiful, brilliant white crystalline precipitate, of the lustre of 
mother of pearl. — ^The compound 8 PbO, POjg was obtained in a 
state of purity, according to the methods described by Berzelius 
and Mitscherlich, namely, by incomplete precipitation of acetate 
of protoxide of lead with phosphate of soda, and dessication of the 
white amorphous precipitate at 130^ (when its weight was scarcely 
diminished by ignition) ; or by digestion of 2 PbO, HO, PO5 with 
ammonia.— The precipitate obtained by acid phosphate of soda from 
a hot solution of protochloride of lead, when dried at 110 ®, was 
found to contain 19*6 phosphoric acid, 1*7 chlorine, 72*4 lead, and 
(by loss) 6*4 oxygen and water; on cooling after fusion it exhibited 
neither the phenomenon of crystallization nor that of incandescence. 

According to Oerhardt(l), on the contrary, the addition of an 
alkaline phosphate to an excess of a boiling solution of protochloride 
of lead produces a crystalline precipitate 2 PbO, HO, PO 5 + Pb Cl, 
insoluble in water, and losing its constitutional water slowly at 100 ®. 
He finds, that an alkaline phosphate, added to an excess of nitrate of 
protoxide of lead, produces a crystalline precipitate 3 PbO, PO 5 
+ PbO, NOg -f- 2 HO, insoluble in cold water, but crystalliz^g from 
nitric acid in six-sided plates, derived from an oblmpe rhombic 
prism ; this salt is decomposed by boiling water into PbO, NOg and 
3 PbO, POg, (which latter compound is likewise obtained by 
employing acetate of protoxide of lead, or by the addition of nitrate 
of protoxide of lead to an excess of an alkaline phosphate). On 
ignition to redness it yields 4 PbO, POg without change of 
form ( 2 ). 

Pbospiiate of surer. — Schwjirzenberg(3)^ by dissolving yellow 
phosphate of silver in phosphoric acid, and concentrating over sul- 
phuric acid, obtained no crystals, even from the solution in the 
syrupy state ; on the addition of ether, however, a white crystalline 
powder separated, which, when washed with absolute alcohol, gave 
the formula 2 AgO, HO, POg, and, as stated by Berzelius, was de- 
composed by water, into 3 AgO, POg and free phosphoric acid ; at 100 ® 
no water is expelled, but at 170'* the conversion into pyrophosphate 
of silver takes place. 

(1) Ann. Ch. Phys. [3] XXII, 505 ; Ann. Ch. Phann. LXVIII, 286. 

(2) J. Pharm. [.3] XII. 58. 

(3) Ann. Ch. Pharm. LXV, 161. 
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pyropiiospbates.— Schwarzeuberg(l) has published investiga- 
tions on the pyrophosphates. Pyrophosphate of potassa, 2 KO, PO5 
(fused) was obtained by mixing common phosphoric acid with an 
alcoholic solution of hydrate of potassa^ so that the mixture had 
a slightly acid reaction^ adding alcohol until the liquid became 
milky^ concentrating and* igniting the syrup which had deposited 
after standing 24 hours^ and then separating the pyrophosphate of 
potassa from the insoluble metaphosphate, by treating the mass^with 
water. The aqueous solution has an alkaline reaction, and may be 
boiled without being converted into common phosphate, which ensues, 
however, on addition of hydrate of potassa. The fused salt is . a 
white mass, deliquescent on exposure to the air. The syrupy 
solution solidifies over sulphuric acid to a dazzling white radiated 
mass,’ 2 KO, PO5 + 8 HO ; 1 HO is expelled at 100*^, a second 
atom at 180 ® (without the salt being converted thereby into com- 
mon phosphate), and the third atom is only perfectly driven off 
by ignition. — On dissolving this salt in acetic acid, and adding 
alcohol, the acid pyrophosphate of potassa separates as a syrup, 
solidifying gradually over sulphuric acid ; it is white and deli- 
quescent, its formula being KO, HO, PO5 ; its aqueous solution 
has an acid reaction, and may be boiled without conversion into com- 
mon phosphate. — If this salt be supersaturated with ammonia and 
evaporated over a mixture of caustic lime and chloride of ammonium, 
the white deliquescent pyrophosphate of potassa and ammonia, 
2 KO, PO5 + NH4O, HO, PO5 HO is obtained, the solution 
of which, on boiling, yields the foregoing salt, with evolution of 
ammonia. — Schwarzenberg prepared the add pyrophosphate of 
soda, NaO, HO, PO5, by dissolving 2 NaO, PO5 (fused or crys- 
tallized) in acetic acid, and adding alcohol, when it separated 
in the crystalline form; it may be obtained in larger crystals by 
pouring a layer of alcohol on the aqueous solution. — After 
saturation of this salt with carbonate of potassa and concentration to 
the consistency of a thin syrup, the mass, on cooling, is converted 
into a magma of fine,* white, transparent needles ot pyrophosphate of 
potassa and soda, KO, NaO, PO5, + 12 HO. — Pyrophosphoric acid,, 
supersaturated with ammonia, became turbid on the addition of 
alcohol, and, after the lapse of 24 hours, deposited pyrophosphate 
of ammonia, 2NH4O, PO5, in arborescent groups of small needles. 
When heated with ammonia, this salt is converted into the common 

(1) Inaugural dissertation: Researches on the Pyrophosphates, Gottingen, 1847 ; 
Ann. Ch. Pharm. LXV, 133 ; J. Pr. Cheni. XLVI,^247 ; J. Pharm. [3] XIII, 311. 
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pi[oil phosphate; when boiled with water alone^ it loses ammonia, 
p^atei. becoming acid pyrophosphate, which is obtained crystalline, if?i the 
salt just spoken of be dissolved in acetic acid and alcohol added; 
when a thick syrup separates, which changes after a time into small 
crystalline plates of pearly lustre, consisting of NH 4 O, HO, PO 5 ; 
these are easily soluble in water, the solution has an acid reaction, 
and is not altered by boding.— If the acid soda-salt be dissolved in 
water, the solution supersaturated with ammonia, and evaporated over 
a mixture of caustic lime and chloride of ammonium, white prisms 
of pyrophosphate of soda and ammonia, NaO, NH 4 O, PO 5 + 6 HO 
are formed, which are easily soluble in cold water ; when boiled with 
it, they lose ammonia, being transformed into the acid pyrophos- 
phate of soda. 

"Pyrophosphate of baryta, 2 BaO, PO 5 + HO (when dried at 100 ®), 
is pbtained by precipitating chloride of barium with pyrophos- 
phate of soda, or . baryta- water with pyrophosphoric acid, as a 
white amorphous powder, somewhat soluble in water, soluble in 
nitric and hydrochloric acids, insoluble in acetic acid and pyro- 
phosphate of %oA 2 L{\).-^Pyropho^hate of strontia is formed by 
precipitating nitrate of strontia with pyrophosphate of soda in the 
cold. It is a white amorphous powder, which is converted intQ 
small crystals on being warmed in the mother-liquor ; its properties 
are the same as those of the baryta-salt; when dried in the water- 
bath, it has the composition % SrO, PO 5 H- HO ; its water begins 
to escape when it is heated above 100 °. — Pyrophosphate of lime 
precipitates on addition of pyrophosphate of soda to chloride of 
calcium as a white amorphous powder, which, when dissolved in a 
solution of sulphurous acid, forms crystalline crusts, when the sul- 
phurous acid is driven off by beat; ..the solubility of this salt 
in various liquids is the same as that of the foregoing , ones, its 
composition in the amorphous, as well as the cryst^H^j^itate, when 
dried at 100°, being 2 (2 CaO, PO 5 ) + 3 YiOi^'f^^i^yrophosphate 

(1) According to Gerbardt, the composition of the pfropbosphate of baryta (dried 
at 100® ?) is 2 BaO, PO5 + 2 HO. (J. Pharrn. [3] XII, 64). 

(2) The precipitate produced on addition of chloride of c^cium to an aqueous solution 

of pyrophosphate of soda, disappears, according to Baer, on addition of acetic add^- but 
with much greater difficulty than that obtained with common phosphate of loda; after 
some time (or immediately on addition of a solution of chloride of q^um) >i|ie pyro- 
phosphate of lime 2CaO, PO5+4HO separates in crystals; the is 

formed as an amorphous precipitate by pyrophosphate of so^bi^ excess of 
chloride of calcium. By gradually draping a solution of the ]it^;^iUt into a boiling 
solution of pyrophosphate of 8<^ a crystalline precipitate, tiaO, NaO, POg + 4 HO, 
is obtained. If, instead of chloride of calcium, solutions' of chloride of barium, 
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of magnesia is precipitated from stdphate of magnesia by pyrophos- 
phate of soda^ even without the presence of ammoniacal salts^ as an 
amorphous white powder^ which may be obtained crystalline in the 
same manner as the foregoing salt ; it is somewhat soluble in water, 
perfectly so in nitric and hydrochloric acids, and likewise in pyrophos- 
phate of soda ; the composition of the salt (dried at 100^) is 2 MgO, 
POg + 3 HO. Magnesia dissolves in a solution of acid pyrophos- 
phate of soda, but, on heating, the pyrophosphate of magnesia sepa- 
rates. — Pyrophosphate of alumina. The aqueous solution of sublimed 
sesquichloride of aluminum, when precipitated with pyrophosphate of 
soda, yields an amorphous white mass, similar to hydrate of alumina ; 
when dried at 110®, it has the composition 2 Al^Og, BPOg + lO HO. 

Pyrophosphate of soda produces in a cold solution of chrome-alum 
a dirty-red precipitate, in a boiling solution a light green precipitate 
of pyrophosphate of sesquioxide of chromium^ which darkens on 
drying at 100®, and has the composition 2 Crj O3, 8 PO5 + 7 HO, 
when dessicated at 130 ®. — Sulphate of protoxide of manganese yields 
with pyrophosphate of soda an amorphous white powder, pyrophos- 
phate of protoande of manganese^ having the composition 2 MnO, 
PO5 + 3 HO, when dried at 100® ; and 2 MnO, PO5 + HO, when 
dried at \W .—Pyrophosphate of protoxide of zinc is obtained by 
the precipitation of sulphate of protoxide of zinc w^th pyrophosphate 
of soda as an amorphous white mass, shrinking on drying ; it may 
be obtained crystalline by the same method as the lime-salt ; the 
crystalline salt dried at 100® is 2 (2 ZnO, PO5) 4 - 3 HO. This salt 
is soluble in acids and alkalies ; from the ammoniacal solution alcohol 
precipitates a syrupy mass. — Pyrophosphate of protoxide of cadmium^ 
obtained by the precipitation of sulphate of protoxide of cadmium 
with pyrophosphate of soda, is a white heavy powder, separating 
from its solution in sulphurous acid in the form of small scales of 
nacreous lustre; when dried at 100® its composition is 2 CdO, 
POg + 2 HO. — A salt of protoxide of iron, when mixed with pyro- 
phosphate of soda, yields an amorphous white precipitate, becoming 
immediately greenish, and afterwards brown on exposure to air. — 
Pyrophosphate of sesquioxide of iron obtained by precipitating 
a solution of sublimed sesquichloride of iron with pyrophosphate of 

nitrate of strontia, sulphate of magnesia, or nitrate of silver were employed in the 
same manner, amorphous precipitates, containing soda, were produced, which could 
not be washed with pure or ammoniacal water, and could not be reduced to any simple 
stoechiometrical expression, so that they must be considered as mixtures. (Pogg. Ann. 
LXXV, 152 ; Ann. Ch. Pharm. LXVIII, 255, in abstr.) 
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soda^ as a slightly yellowish- white powder^ having the composition 
2 Fcg O3, 8 PO5 + 9 HO, when dried at IIQP . — Pyrophosphate of 
protonside of lead^ precipitated from acetate of protoxide of lead by 
pyrophosphate of soda, is an amorphous white powder of the com- 
position 2 PbO, POg + HO when dried at 100®(1). — Pyrophosphate 
of protoxide of copper is produced, by precipitating a solution of 
protoxide of copper with pyrophosphate of soda, as an amorphous 
greenish-white powder, becoming dark-blue at 100^ j it may be 
obtained crystalline from its solution in aqueous sulphurous acid; 
whether amorphous or crystalline, when dried at 100®, it has the 
formula 2 CuO, POg + 2 HO. If the salt be dissolved in ammonia, 
and the solution covered without admixture by a layer of alcohol, ultra- 
marine-coloured nodular crystals are formed of pyrophosphate of 
protoxide of copper ^ and protoxide of copper and ammonia^ having, 
when dried over a mixture of chloride of ammonium and caustic lime, 
the composition 8 (2 CuO, PO5) + 2 (CuO, 2 NH3) + 8 HO. — 
Sulphate of protoxide of nickel mixed with pyrophosphate of soda, 
yi^ds pyrophosphate of protoxide of nickel^ a light green powder, 
becoming yellow by ignition, and separating in the crystalline state from 
its solution in aqueous sulphurous acid, when dried at 110® it has the 
composition 2 NiO, POg + 6 HO. — Pyrophosphate of suboxide of 
mercury, precipitated from the nitrate by the soda-salt, is a heavy 
white crystalline powder; when freshly precipitated it is soluble in 
excess of the soda-salt, a black powder separating on ebullition ; 
when dried at 100® it is not soluble in pyrophosphate of soda, but is 
blackened by it, when dried at 100® it is 2 Hg^O, POg + HO. — Nitrate 
of protoxide of mercury, mixed with pyrophosphate of soda, yields at 
first a white precipitate, which becomes yellowish-red on addU^iou of 
more of the soda-salt ; when dried at 100® it is anhydrous pyrophos^ 
phate (f protoxide of mercury 2 HgO, POg. — ^Nitrate of teroxide of 
bismuth, mixed with acetic acid, gives with the soda-s^t an amor- 
phous white precipitate, becoming crya^Uine in 24 hours, in which 
two different kinds of crystals may bS : distinguished by the micro- 
scope. The acid soda-salt dissolves teroxide of bismuth in consider- 

(1) An alkaline pyrophosphate added to an excess of nitrate of protoxide of lead 
yields, according to Gerhardt, a flocculent precipitate, which contains no nitric acid, 
but is the pure compound 2 PbO, PO5. — On addition-^ nitrate of pro^xlde of lead 
to excess of pyrophosphate of so^, the precipitate tacit formed is stated to dissolve 
again on application of heat, and to rantain varying quantities of alkali, on its becoming 
permanent. — A definite compound NaO, PbO, PO5 W ohtd^ as agranular 

precipitateV insoluble in water, oii'lioilihg the solution oilT tlm* first precipitate with an 

excess of pyrophosphate of soda. (Ann. Ch. Phys. [3] XXII, 506). 
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able quantities; it likewise dissolves a quantity of teroxide of 
antimony; the solution^ on concentration over sulphuric acid, forms plates, 
a cauliflower-like mass, which, when treated with water, leaves the 
greater part of the teroxide of antimony undissolved. — Pyrophos- 
phate of protoxide of silver, dissolved in ammonia, and precipitated 
by alcohol, yields small colourless needles, which lose ammonia on 
exposure to the air. 

Pyrophospborlc Acid ; dulimodlllcatlons of the same.— -H. Bose(l) 
considered it probable that the common phosphate of soda might lose 
1 equivalent of basic water, without being converted into the pyro- 
phosphate ; experiment showed that nearly the whole of the water was 
expelled from the salt at 240^, but that it was then almost com- 
pletely converted into pyrophosphate. H. Bose has accurately 
investigated the reactions of pyrophosphate of soda. The conversion 
of a solution of pyrophosphoric acid into common phosphoric acid 
by an excess of alkali, succeeds, according to W eber, only when the 
mass evaporated to dryness is perfectly fused ; the conversion by 
acids, is the more complete, the stronger they are, and consequently 
concentrated sulphuric acid is best adapted for this purpose. — B.ose 
states that pyrophosphoric acid does not precipitate a solution of 
white of egg. According to his observations, there exisfs a second 
modification of pyrophosphoric acid, differing from that which is con- 
tained in pyrophosphate of soda ; it is obtained by the ignition of the 
common phosphate ; the salts of this modification may be formed in 
a manner similar to the preparation of the insoluble metaphosphates 
of Maddrell, (to be presently discussed) ; namely, by exposing the 
salts with an excess of phosphoric acid to a temperature which is not 
sufficiently high to produce metaphosphates. Thus he finds that an 
insoluble copper-salt may be prepared from nitrate of protoxide of 
copper and phosphoric acid, the acid of which, separated by means 
of hydrosulphuric acid in aqueous solution, comports itself like 
common pyrophosphoric acid. 

Dounie Pyrophospiiatea. — ^Fersoz(2) has published some researches 
on the double salts of pyrophosphoric acid(8). The precipitates 
produced by pyrophosphate of potassa or soda in solutions of other 
salts, are soluble in an excess of the precipitant ; some of them with 

(1) Loc. cit. (vide p. 257). 

(2) Ann. Ch. Phys. [3] XX, 315 ; Ann. Ch. Pharm. LXV> 163 ; J. Pr. Chem. XLI, 

353. 

(3) The peculiarity of pyrophosphate of soda of forming double salts with facility 
had previously been noticed by Stromeycr (Schweigger's Jahrb. LVIII, 123); 



268 


INORGANIC CHEMISTRY. 


difiBculty, (pyrophosphates of har^a, lime, and protoxide of silver) ; 
pbates. others so easily, that no precipitate is produced with alkaline pyrophos- 
phates in solutions of certain metallic oxides (binoxide of tin and 
terdxide of gold, f. i.) In these double compounds, the properties 
of the constituents are frequently found to be much altered ; thus, 
f. i., the solution of pyrophosphate of sesquioxide of iron in pyrophos- 
phate of soda possesses neither the characteristic taste of solutions 
of sesquioxide of iron nor their colour, (being colourless) ; nor, 
indeed, their reactions (hydrosulphuric acid producing no precipi- 
tation of sulphur, but merely a brown colouration ; sulphide of 
ammonium, a green colouration, and after some time, a precipitate, 
which disappears on being washed, the wash-waters assuming a 
greenish-brown colour) . The double pyrophosphates may be prepared 
in the isolated state, by addition of pyrophosphate of soda .to a 
metallic solution until the precipitate formed ceases to increase, 
purification by washing, solution in pyrophosphate of soda or potassa, 
and crystallization by spontaneous evaporattion ; or still better, by 
adidpng pyrophosphate of potassa or soda to a dilute hydrochloric 
or sulphuric solution of the base which is to form the double salt, 
until the precipitate first formed has been re-dissolved, (avoiding as 
far as possible an excess of alkaline pyrophosphate, and promoting the 
re-solution by agitation) ; the compounds contained in the solution 
are then allowed to crystallize out successively, when the double 
pyrophosphate separates from the solution sooner or later, according 
to its solubility. Persoz gives the following account of several double 
salts thus prepared. Pyrophosphate of magnesia and soda is very 
unstable ; its solution, left to itself, becomes rapidly turbid. — Pyro- 
phosphate of sesquioxide of uranium and soda is of a pure yellow 
colour, and so easily soluble, that its solution miay be concentrated to 
the consistency of a thick syrup without qi'y|j^llization ; neither hydro- 
sulphuric acid nor sulphide of ammoniuih^ decomposes the solution. 
This is the case likewise with a solution oi pyrophosphate of sesqui- 
oxide fif chromium and soda, which has the colour of sulphate of 
protoxide of nickel, and from which no cry^la could be obtained. — 
Pyrophosphate of alumina and soda is colourless and easily soluble 
in water ; the solution, when evaporated to a $^|gtain point becomes 
turbid, depositing pyrophosphate of alumlia^^Ps^ropAcapAafc of 
sesquioxide of iron and soda is a colourless and easily soluble com-^ 
pound; its solution may be evaporated tb a syrupy consistency, 
when it undergoes a decomposition similar to ihat of the alumina- 
compound; (respecting the reactions of thWsalt, v, su]^a)\ its 
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composition is 2 FcgOa, 3 PO5 + 2 (2NaO, POJ+x HO(l).— Pyro- 
phosphate of protoxide of iron and exists in solution only, and p*“*®*» 
decomposes on exposure to the air ; sulphide of ammonium produces 
immediately a perfect precipitation.-^Pyro^Aoj'pAa^e of protoxide 
of copper and soda crystallizes in two different ratios of comhina-* 
tion, 2 CuO, PO5 + 2 NaO, PO5 + .12 HO and 2 CuO, POg + 

3 (2 NaO, PO5) + 24 HO; both compounds are of a sky-blue colour (2). 

Only minute quantities of crystals of pyrophosphate of protoxide of 
copper and potassa were obtained on account of its solubility. — ^This 
compound also exists most likely in different ratios of combination. 

Neither zinc nor iron produce a turbidity in solutions of the double 
salts of protoxide of copper with soda and potassa; the former is 
coated with a slight film of copper, the latter, only after some days, 
with, microscopic crystals of that metal. — solution of terchloride of 
gold mixed with pyrophosphate of soda remains clear, the yellow 
colour of the terchloride of gold disappearing on application of 
heat ; alcohol removes chloride of sodium from the mixture. When 
carefully protected from light and organic matter, chloride of sodijim 
and pyrophosphate of soda (which had been added in excess) are 
gradually deposited, while a syrupy fluid remains, which probably 
contains the compound 2 AuOg, 3P05+2(2Na0, P05)4-xH0. — 

Persoz intends describing, at some future period, the properties 
of the double compounds containing the oxides of bismuth, lead, 
cadmium, mercury, tin, palladium, platinum, nickel, cobalt, berylliuYn, 

(1) Fleitmann and Henneberg, who repeated some of the experiments mentioned 
by Persoz, found the composition of the pyrophosphate of sesquioxide of iron and 
soda (prepared by boiling pyrophosphate of iron with a quantity of pyrophos- 
phate of soda, insufficient for complete solution, and precipitating by alcohol) to be 
2F^03, 3P05 + 2(2Na0, POg) +7 HO, when dried at 100®. (Ann. Ch. Pharm. 

LXV, 387). 

(2) Fleitmann and Henneberg make the following statements: if an excess of 
freshly precipitated pyrophosphate of protoxide of copper be boiled with a solution of 
pyrophosphate of soda, the fluid, filtered while hot, deposits on cooling white crystal- 
line crusts, which are insoluble in water, and contain 3 (2 CuO, PO5) + 2 NaO, PO5 
+ 7 HO, when dried at 100®. The liquid concentrated in the water-bath yields a* 
faintly blue, crystalline deposit, insoluble in" water, which, ^ed at 100®, is 3 (NaO, 

CuO, PO5) + 2 HO. The mother-liquor of this, left exposed to the air, first deposits 
crystals of pyrophosphate of soda, and afterwards, when, concentrated to S3rrupy 
consistency, nodular groups of a beautifully blue salt, 2 CuO, PO5+3 (2 NaO, POg) 

+ 4 HO, (when dried at 100®). All these salts fuse, when heated to redness ; 
the white insoluble powder, into which a portion of the hydrated protoxide of 
copper is converted, on being digested with add pyrophosphate of soda, appears to be 
of the same composition as the first of the above compounds. (Ann. Ch. Pharm. 

LXV, 387.) 
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and yttrium. He concludes by calling attention to the necessity^ that 
the existence of these double compounds should he taken into con- 
sideration in analytical researches^ and that they may also become 
of medicinal importance^ the pyrophosphate of sesquioxide of iron 
and soda deserving particular attention in this respect. 

For details respecting a pyrophosphate^ NaO, PbO, PO5, we refer 
to page 266^ for Cab, NaO, P 05 - 1-4 HO, to page 264. 

sietapliosphorle Aeld. Maddreirs Salts. — Gregory(l) had 
mentioned that the phosphoric acid containing magnesia, as obtained 
from bones, might be purified by dissolving it after ignition in 
water, evaporating the solution and exposing the residue for a 
quarter of, or half an hour to a temperature of 315^, whereby an 
insoluble magnesia-salt 2 MgO, 3 Pbg, was formed ; the aqueous 
solution filtered from this yielded pure phosphoric acid. With 
respect to the purity of this acid, Berzelius( 2 ) remarked that 
the soda contained in the phosphoric acid prepared from bones had 
not been taken into account. Maddrell(3) has now found that in 
proceeding according to Gregory's method, MgO, PO 5 first separates, 
and then the salt which Gregory had considered as 2 Mg O, 3 P O 5 , 
but which Maddrel found to be 3 (MgO, POg) + NaO, PO 5 ; the 
phosphoric acid separated from these, still contained magnesia and 
soda. On heating an excess of it with the sulphates of the pro- 
toxides of nickel or cobalt, to above 316^, 6 (NiO, PO 5 ) + NaO, POg 
or 6 (CoO, POg) + NaO, POg was deposited ; the former is a greenish- 
yellow — ^the latter a splendid rose-coloured powder; both are insoluble 
in water and dilute acid, but dissolve in concentrated sulphuric 
acid. — With pure acid, prepared from phosphorus by means of 
nitric acid, Maddrell prepared the following salts: Metaphosphate 
of protoaAde of nickel, NiO, POg, was obtained by mixing a solu- 
tion of sulphate of nickel with excess of phosphoric acid, evapor- 
ating and heating above 316^, when it was deposited as a greenish- 
yellow powder, insoluble in water and dilute acids, soluble in con- 
centrated sulphuric acid. — ^The cobalU and manganese-salts, CoO, POg 
and MnO, POg, prepared in the same manner, are distinguished 
from the preceding by their colour only, the former is rose-coloured, 
the latter white. — ^The salt of protoxide qf copper, CuO, POg, is 
formed in the same manner, as a blueish-white powder, from nitrate 


(1) Ann. Ch. Phaim. LIV, 94. 

(2) Jahresbcricht, XXVI, 133. 

(3) Phil. Mag. [3] XXX, 322; Chem. Soc. Mem. Ill, 273; Ann. Ch. Pham. LXI, 
53 ; J. Pr. Chem. XLI, 131. 
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of protoxide of copper. — ^The salt of sesquiowide of iron, FejOg, 3 PO5, 
as a white powder, from sesquichloride of iron. — ^The alumina-salt, 
AI2 O3, 3 PO5, separated as a white powder, on evaporating a solution 
of alumina in excess of dilute phosphoric acid and heating above 316 ^. 
In the same manner were prepared the salt of sesquioxide of chro- 
mium, Gr203, 3 FO5, of a beautiful green colour, insoluble even in 
concentrated acids : — the baryta-, strontia-, lime- and magneHa-saltSi 
all of them being white powders, whose composition is represented 
by the general formula MeO, PO3. After fusing two parts of 
chlorate of potassa and one of syrupy phosphoric acid, heating 
strongly and digesting the fused mass with water, the potassa-salt, 
KO, PO5, remained behind as a white powder, insoluble in water, 
soluble, in dilute and concentrated acids. The soda-salt, Na0,P05, 
prepared in the same manner from nitrate of soda, exhibits a similar 
deportment ; it is likewise a white powder insoluble in water. 

Graham’s Aietaphosphoric Acid. — ^This soda!<salt then differs in a 
remarkable manner from Grab am ^s amorphous vitreous metaphos- 
phate of soda, which is deliquescent in the air and contains a modifi- 
cation of metaphosphoric acid, producing with lime, bar3rta and 
magnesia, compounds of turpentine consistency (1). 

Fleltmann and Heim ehers’s Saits.-^A third modification of mo- 
nobasic or metaphosphoric acid has been investigated by Flcitmann 
and Heuncberg(2) ; it is distinguished by forming easily soluble and 
crystalline compounds with almost all bases. — The point of departure, 
for the preparation of these compounds, is the soda-salt, which may 
be obtained in two ways. It forms by exposure of the phosphate of 
soda and ammonia, (microcosmic salt), to a gradually increasing tem- 
perature, when ammonia and water are evolved, a white saline mass 
being produced, which is perfectly soluble in water, yielding an acid 
solution. When powdered and exposed to an increased temperature, 
and constantly stirred, this saline mass loses the remaining water, 
and with it its acid reaction; if the application of heat be inter- 
rupted while the latter reaction is still jhst perceptible, treatment 
with water yields an insoluble residue together with a soluble 


(1) Graham’s metaphosphate of soda gives, according to Fleitmann, a precipitate 
with nitrate of protoxide of silver, which, when filtered off directly, washed with some 
cold water, then strongly pressed between blotting-paper and fused, has the composition 
Ag 0 ,P 05 ; if the precipitate were left in contact with the liquid overnight, and then 
washed with cold water, and dried at 100®, its composition was, according to Weber, 
3 AgO, 2 P06 + HO. (H. Rose, loc. cit. vide p. 257). 

(2) Ann. Ch. Pharm. LXV, 304; Gerhardt and Laurent’s Compt. Rend, des 
Trav. Chim. 1849, 12. 
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portion^ which may be crystallized by evaporation at about 30 ^^ 
Djut not by alloimg a hot saturated solution to cool. The other 
method of preparing"^ it consists in slowly cooling metaphosphate 
of soda, tiraham^s salt, formed by the ignition and fusion of phos- 
phate of . soda and ammonia, or of the residue obtained by the 
former 'method, when a crystalline mass is produced, separating 
upon treatment with a moderate excess of warm water into two liquid 
layers, the larger of which may be made to crystallize. Th% 
crystids of the soda-salt, obtained by one of these methods, appear 
to belong to the triclinometric system, they dissolve in 4*5 times 
their weight of water, imparting to it a cooling, purely saline 
taste; ythe cold aqueous solution may be kept for a long time 
without decomposition ; on boiling it, acid reaction and decomposition 
ens^e; the salt is quite insoluble in alcohol, and difficultly soluble 
in/ yejgr dilute spirit. The formula of the crystals is NaO, PO5, 
v-f 4 HO; dessicated«r9ver sulphuric acid or in th^ water-bath, the 
greater part of the water is lost. — If a concentrated solution of 
the soda-salt be mixed with much nitrate of protoxide of silver (in 
employing a small ^quantity admixture of soda-salt is inevi- 
table), the silver-aaU gradually crystallizes out in beautiful trans- 
parent crystals, belonging apparently to the monoclinometric system, 
and having the composition 8 (AgO, PO5) + 2HO(l). — The fearf- 
aalt^ cry^allized in the same manner, is PbO, PO5 + HO. — From a 
mixture of chloride of barium and soda-salt, in which the former 
predominates, the baryta-salt BaO, PO5 + 2 HO crysthllizes in 
oblique rhombic prisms; if the soda-salt be present in excess, 
crystals of a soluble double-salt 2 (BaO, POg) + NaO, PO5 + 8 HO 
is obtained in stellated tufts (5 HO escape at 100^). Double salts 
may be obtained with protoxide of zinc and lime, also containing 
for 1 equivalent of soda two of the other base.— Henneb erg and 
Fleitmann state, moreover, that ^he ' salts of lime and strontia 
are remarkable for the beauty with which they crystallize, while 
the compounds of magnesii^ protoxidejs of zinc, manganese and cobalt 
db -notcrystallize so well. ^ 

Bos e *8 fourfii Sulmiodlflcataoii of Metaphosplioiie Acid. — H. II 0 s e( 2 ) 
has given a complete comparison of the properties and reactions of 


(1) The acid contained in the sUyer-salt may, according to Fleitmann, be easily 
isolated by hydrosulphiuic add, and then aflbrds, on saturation with carbonate of soda, 
the original soda-salt; on neutralization by ammonia and on addition of nitrate of 
silver the crystallized sUver-sdt is again obtained. (H. Bose, loc. cit. p. 257). 

(2) Loc. dt. p. 257. 
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the. three submodifications of metaphosphoric acid (in Graham 
MaddrelPs^ and Fleitmann and Hennenberg’s e^ts) discussed 
above — this name be retained for the acid^ the salts of which cqn- “JJjf 
tain 1 equivalent of base to 1 equivalent of acid; he considers 
it probable that the acid obtained by cornlmstion of phoq[>hora8j 
to which the property of producing a large precipitate in a solution 
of chloride of barium is peculiari may be distinguished as a fourth 
submodification. All the submodifications of metaphosphoric acid 
(as also their soluble salts on addition of acetic acid) precipit^ 
a solution of white of egg ; this property is not possessed by py9 
phosphoric acidj although lately assigned to it by Berzelius. On 
heating a concentrated solution of common phosphoric acid until 
it commences to volatilize^ metaphosphoric acid is produced, which 
gives a copious precipitate with chloride of barium; by a rapid 
application of heat, however, an acid may be obtained, wldch^s not 
thrown down by|||iloride of barium. — ^Weber has confirmed Aose^s 
former statemem, that fused phosphoric acid contains rather less 
water than corresponds with the formula FOg + HO; a portion 
exposed for a considerable time to a temperature at which it com- 
menced to volatilize, contained 10*2 per cent, of water. 

Blumenau(l) has called attention to a peculiar colouration, 
appearing on heating and fusing phosphoric acid, prepared from 
bones, and purified by hydrosulphuric acid, alcohol, and sulphuric 
acid ; he ascribes this colour to the formation of ferric or permanganic 
acids, or of both. 

other new Modlfleatlons of Phospliorlo Aeld.— The amount of water 
in many of their salts, and also the composition of the double-* 
salts, induced Fleitmann and Henneberg to assume in these 
salts the existence of 3 equivalents of fixed base, and 3 equivalents of 
phosphoric acid. They discuss Graham's view of the different 
modifications of phosphoric acid, an 4 agree with Liebig, in regarding 
the composition of the different phosphates in such a light, as to 
compare quantities of the various salts confining an equal amount 
of base, as illustrated by the'* 1 bllowing formulee (MO representing . 

1 equivalent of base) : 

6MO + 2POg 6MO + 3PO5 6MO + 6POg 

when 6 MO + 2 PO5 represents the common phosphates, 6 MO 
+3 POg the pyrophosphates, and 6 MO+6PO5 the metaphosphates, 
the transition of one class into the subsequent one being considered 

(1) Ann. Ch. Pham. MtVII, 1X7. 

VOL. I. T 
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as dependent on the assimilation of phosphoric acid. They have 
%cpho-. endeavoured to fill up the intervals in the above series^ by preparing 
“ricldfL th? salts 6 MO + 4 POg, and *6 MO + 6 PO5. 

They first prepared the soda-salts by fusing' together the com- 
pounds 6 NaO^ 2 PO5 or 6 NaO> 8 PO5 with 6 NaO, 6 PO5 in the 
requisite proportions [2 (6 NaO, 8 PO5) + (6 NaO, 6 PO5) =? 18 NaO, 
12 PO5 = 8 (6 NaO, 4 PO5), or (6 NaO, 2 POg) + (6 NaO, 6 POg) 
«:'12 NaO, 8 POg=2 (6 NaO, 4 POg)]. 76*87 parts of Graham^s 
metaphosphate of soda and 100 of anhydrous pyrophosphate, or 
187*27 parts of metaphosphate of soda and 100 of the compound 
8 NaO, POg, powdered and very intimately mixed, are fused for a 
considerable period; on cooling, the mass solidifies with crystalline 
texture. An excess of the finely powdered salt is digested with hot 
water, the fluid filtered off, and allowed to crystallize over sulphuric 
acid, or by exposure to the atmosphere. Crystallization often ensues 
only after 12 to 24 hours, when a granular crystal]|^e mass is depo- 
sited, exhibiting small delicate plates under the microscope. The 
mother-liquor being drained off, the crystals are washed with some 
cold water, and dried between bibulous paper. The soda-salt, thus 
prepared, gave on analysis results agreeing with the formula 6 NaO, 
4 POg, and a quantity of water oscillating between 7*4 and 8*9 per- 
cent ; it is soluble in about 2 parts of cold water ; the solution has a 
slightly alkaline reaction, decomposition, however, soon ensues (with 
the formation of other phosphates), an acid reaction becoming 
manifest at the same time. This decomposition likewise takes place 
rapidly on treatment with acetic acid, so that by solution therein, 
•and precipitation by alcohol, the acid salt 4 NaO, 2 HO, 4 POg 
sought for, could not be obtained. This is, however, the composition 
of the mass obtained by drying the acid pyrophosphate of soda at 
220^ ; yet a solution of this salt gave with solution of silver a pre- 
cipitate of pyrophosphate of silver^By precipitating a solution of 
6 NaO, 4 POg with a solution of silver, (unless employed in excess, 
the precipitate contains an admixture of common phosphate of silver) 
a silver-salt 6 AgO, 4 PO5 was obtained, (nearly anhydrous when 
dried at 100^, and of a very low fusing point) ; sulphate of mag- 
nesia yielded with the soda-salt a precipitate of the compo- 
sition 6 MgO, 4 POg when ignited; with chloride of barium and 
chloride of calcium, the corresponding salts 6 BaO, 4 POg and 
6 CaO, 4 PO5 ; the three latter compounds being infusible, and losing 

by too powerful ignition their solubility in acids.~Pleitinann and 
Henneberg propose for the acid contained in these salts the name 
of aesqu^fio^horic add because they exhibit the same mode of 
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composition as the salts teMM by 9^ seisquiphos^hates. A 

characteristic distinction of this acid could not be found ; in its 
reaction it stands between meta- and pyrdphosphoric Scids. It is, 
however, distinguished from the formeir by the insolubility of the 
magnesia-compound, 'from the latter by the solubility of the silver-salt 
in a large excess of the soda-salt. 

The soda-salt 6 NaO, 5 POg was obtained by fusing together 
2 ( 6 NaO , 6 POg) + (6 NaO, 8 POg) [= 18 NaO, 15 PO^srjS (6 NaO, 
5 POg], t. c., 307*5 parts of metaphosphate, and 100 of pyrophos- 
phate of soda ; thus prepared, it forms a vitreous mass, crystallizing 
with more difficulty than the preceding soda-compound. The 
precipitate by nitrate of protoxide of silver is easily soluble in excess 
of the soda-salt ; when fused it was found to contain 6 AgO, 5 POg. 

Suipiiopiiospiiortc Aoid. — According to Wurtz(l), bisulphoter- 
chloride of phosphorus, when heated in the water-bath, "with an excess 
of moderately coz|pentrated soda-solution, yields on cooling a solid mix- 
ture of the soda-salt of an acid containing phosphorus and sulphur( 3 ), 
with chloride of sodium (PCI 3 Sg+eNaOssPS^ O3, 8NaO-|-3NaCl). 
The sulphophosphate may be purified^ by washing with a little cold 
,water, and recrystallization. The crystals are small thin plates, 
belonging according to Provo8taye(3), to the hexagonal system^ 
and form, by the predominating terminal planes, a rhombohedron 
R, and the first more obtuse rhombohedron — i B. For B the 
principal axis = 1*92, the angle of the lateral edge = 104^ 20". 
The crystals are insoluble in alcohol, easily soluble in boiling water, 
and efflorescent in the air. They contain 8 NaO, PS 3 O 3+24 HO, 
corresponding to the soda-salt of common phosphoric acid, 8 NaO, 
POg +24 HO, with which they are not however isomorphous. The 
solution has a strongly alkaline reaction; chlorine, bromine, and 
iodine deco&pose it immediately, separating the sulphur, and seizing 
a portion of the sodium, whildf a phosphate is produced (8 NaO; 
PS 3 03 + 2 Cl=:Na 0 , POg+2NaCl+Sj) ; nitric acid, even when 
dilute, acts in a similar manner. Acids, not being oxidizing agents, 
however weak they may be, separate the sulphophosphoric acid, 
which at once decomposes into hydrosulphuric and phosphoric 

^AA#V^/VVVVVVVVVVVVVVVVV^/VVV^ 


(lycompt Bend. XXIV, 288; Ann. Ch. Pbye. [3] XX, 472; AnK Ck Pbwn. 
LXrV, 24S; J. Pr. Cheni. XUI, 209. 

(2) Cloez liu rabseqnentl^ cidled .Meniion to the fimnithm of this Mid (Con^. 

Bend. XXIV, 889). ' 

(3) Aim. Ch. Phy*. [3j XX, 482 ; Compt. Rend. XXIV, 388. 
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phlSTpt: acids (3 HO, PSg O 3 + 2 HO = 8 HO, PO 5 + 2 HS). Sulphophos- 
i>Iiate of potassa could not be obtained pure; it is very soluble 
^ in water, and crystallizes only with difficulty. The lime-, baryta-, 
and strontia-salts are insoluble in water, as likewise the salts 
of the protoxides of cobalt and nickel, the latter blacken on boil- 
ing. The salt of sesquioxide of iron is obtained as a gelatinous 
dark red precipitate not changed by boiling. The lead-salt is white 
at the moment, of precipitation, but becomes black after a few 
hours (and the liquid, acid), sulphide of lead and phosphate of 
protoxide of lead being produced. The copper-salt decomposes still 
more easily. The silver- and mercury-salts do not exist ; on mixing 
the soda-salt with nitrate of protoxide of silver, sulphide of silver is 
immediately formed. 

Hydride of Phosphorus. — An appropriate arrangement for the 
evolution of phosphorctted hydrogen has been described by Knop(l); 
it allows the disengagement of this gas to be interrupted at pleasure. 

jpentachioride of Phosphorus. — Gahours(2) has investigated the 
action of pentachloride of phosphorus on various organic substances ; 
the results obtained will be described hereafter (comp, anisic acid, 
benzoic acid, benzilie acid, cinnamic acid, nitranisic acid, nitro- 
benzoic acid, oil of bitter almonds, Roman cumin oil, cinnamon oil). 

Mitscherlich had found the density of vapour of PCI5 to be 
4*85 at 185®, which shows that 1 equivalent of PCI5 occupies 6 
volumes, the volume of 0 = 1. This condensation in the state of 
vapour being an isolated case, Cahours(3) has made some expi^- 
ments on the subject. It is known, that for many organic 
substances the relation of the specific gravity of their vapours to 
that of the air differs considerably, according to the temperature, 
becoming constant only at temperatures far beyond the boilisig 
point ; for pentachloride of phosphorus he found the specfBc gravity ; 

at 182"ai5‘078 at 4*302 at288®«3*67 at 327®=«3*656 

I90i«4*987 250 eB3*991 289 =*3*69 336 « 3*656 

200 «4*851 274 «:3*840 300 ->3*654 

Hence the equivalent of PCI5 occupies 8 volumes, (ah assumption 
on which the specific gravity of the vapour is found by calculation 
to be 8*61). This condensation is likewise uncommon, axffi Cahours, 

(1) Pham. Centr. 1848, 649. 

(2) Ann. Ch. Phys. [3] XXIII, 327 ; J. Pf. Chem. XLV, 129 ; (in abstr.) Ann. Ch. 
Pham. LXX, 39 ; J. Pham. [3] XIV, 220. 

(3) Ann. Ch. Phys. [3] XX, 369; J. Fr. Chem. XLl, 368. 
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hence^ is of opinion that PGI5 should be considered as consisting of 
PCI3 and CI 21 which constituents have^ in the gaseous state^ combined 
in equal volumes without condensation. 

Bisuiptao-terciiioride of Phosphorus. — Por the bisulpho-terchloride 
of phosphorus (PS^ CI3), which boils, according to Cahours, at 
between 126 and 127^, he found the density^of the vapour to be, 
6-968 at 1680 ; 5-879 at 244® ; 6-878 at 298® ; 
corresponding to a condensation of 4 volumes. Cahours regards 
this body as PCI3, S3. 

Binoxl-terchiorlde of Phosphorus. — The same chemist found the 
density of vapour of binoxi-terchloride of phosphorus (PO3 CI3, 
boiling point 109®, mde infra J to be, 

6-384 at 1510; 6*298 at 2160 ; 5-295 at 2750, 
corresponding to a condensation of 4 volumes; he regards this 
compound as PCI3, O3. His view as to the constitution of all these 
combinations is chiefly based upon some observations made respecting 
PCI5; in addition to what has been stated above, it rests particularly 
on the fact *of hydrosulphuric acid or aqueous vapour eliminating 
only two equivalents of chlorine, which appears to indicate that 
the residue, PCI3, must be considered as a proximate constituent of 
this compound. * 

Binoxi-terchloride of phosphorus was discovered by Wurtz(l), 
who found that pentachloride of phosphorus, placed in a vessel, 
together with a small tube containing water, and thus continually 
exposed to the action of the moist aiik forms hydrochloric acid and 
binoxi-terchloride PCI3 O3 (PCI5 + » HO = PCI3 O2 + 2 HCl). 
After the decomposition of the pentachloride, the product is distilled ; 
the portion passing over first contains hydrochloric acid, the new 
compound distilling over at ll^K. It is a colourless liquid, of high 
refractive power ; its odour ^Walls that of the terchloride of phos- 
phorus (PCI3). The specific ^vity is 1-7 at 12®, its boil. p. 110®. 
Wurtz found the density of its vapour =5*40, 1 equivalent in the 
state of vapour occupying 4 volumes. It forms white fumes in 
contact with the air ; when in contact with water it dissolves with 
the formation of hydrochloric and phosphoric acids(2). 

(1) Loc. cit. p. 275. 

(2) Cahours obtained the binoxi-terchloride of phosphorus hj the action of pontS** 
cbloride of phosphorus (P CI5) on hydride of benzoyl (oil of bitter almonds). The 
portion of the distillate passing over in the rectification, between 108*’ and con- 
sisted chiefiy of this compound. He found the boiling-point likewise at about 110*’, 
the spec. gray. = 1*673 at 14®, the density of vapour = 5*372 at 211® (compare other 
experiments by him p. 276). (Ann. Ch. Pbys. [3] XXllI, 329;. 
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Wurtz has given the following synopsis of substances belongings 
in his opinion, to the same type : 

Pentacldoride of phosphorus . . P Clg Phosphoric add .... PO5, 3 HO 

Bisnlpho-terehloride of phos. . P Clg S3 Sulphophosphoric add . PO3 S3, 3 HO 

Pentasulphide of phos. . . . P Sg Phosphorous add . . . PO4 H, 2 HO 

Binoxi-terchloride of phos. . . P CI3 O3 , Hypophosphorous add . PO3 Hj, HO 

Binamido-terchloride of phos. ^ P CI3 Ads? (Herhardt). 

Attempts to prepare the combinations PCI 3 Br^, PCI 3 Ig, PCI 3 Cy^, 
were unsuccessful. 

suipbur. — ^Deville(l) has determined the specific gravity of 
sulphur in its different states. He found (water at its maximum 
density being = 1 ) the specific gravity of the rhombic modification 
to be 2*070 when native, and 2*063 when crystallized from bisulphide 
of carbon. The specific gravity of the monoclinometric modification, 
immediately after its passage from the fused into the crystalline state, 
was 1*958; it increased gradually after eight months to 2*050. 
Amorphous sulphur, immediately after preparation, showed a specific 
gravity, of 1*919 and 1*928, Which increased gradually in eleven 
months to 2*051 and 2*061. Ihese experiments confirm*the principal 
points of those made at a former period by Marchand and Scheerer. 

Pasteur(2) has observed that sulphur, when crystallizing from 
bisulphide of carbon, is capable also at the ordinary temperature, of 
assuming the monoclinometric form, which had been formerly observed 
only in sulphur solidifying after fusion. 

Deville(3) believes that the deposition of monoclinometric crystals 
of sulphur from its solution in bisulphide of carbon depends upon 
the presence of visiAd sulphur in the solution, and that the reddish 
colour of the crystals thus obtained is due to the same cause. He 
farther adds, *that bisulphide of carbon at 12 ^ dissolves 0*35 of its 
own weight of sulphur. Rhombic sulphur (whether natural or 
artificial) is stated to dissolve entirely in bisulphide of carbon, without 
residue, whilst monoclinometric (freshly prepared or already trans- 
formed) leaves a very light whitish residue, never exceeding 0*03 of 
the original weight ; sulphur quickly cooled (soft sulphur or 
flowers of sulphur) left a residue of 0*11 to 0*36 of the original 
weight. 

According to Schrotter(3), amorphous sulphur is insoluble in 

(1) Compt. Rend. XXV, 857. 

(2) Compt. Read. XXVI, 48 ; Ann. Ch. Phy.. [3J XXIV, 459 ; Pogg. Ann. LXXIV, 
94 ; J. Pr. Cbem. XLIV, 120; Ann. Ch. Phvm. LXVIII, 228. 

(3) Compt. Rend. XXVI, 117. 

(4) M^n. Acad. Ber. 1848, II, 200. ' 
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bisulphide of carbon; in order to obtain a product rich in this 
amorphous modification^ sulphur was exposed for 68 hours to a 
temperature of 360®, and then rapidly cooled. 

Hyposuiptaurons Acid. — Jacquelain(l) has briefly stated that 
sulphurous acid and sulphur can unite directly in their nascent state 
to form hyposulphurous acid; the latter is said to be produced in the 
presence of water by the action of sulphurous and hydrosulphuric 
acids, (in this case, pentathionic acid is formed, vide infra). Accord- 
ing to Jacquelain^s statement, hyposulphite of baryta can be pre- 
pared in quantity by mixing a solution of sulphide of barium with 
excess of a sohition of sulphurous acid, heating to 60®, filtering, 
&c. &c., or by passing a current of sulphurous acid gas into a 
solution of baryta heated to 50®, and containing sulphur in sus- 
pension. 

F. Kessler(2) has accurately investigated some of the salts 
of hyposulphurous acid. According to former statements, the 
crystallizes with wat^ in four proportions (Bammels- 
berg analyzed a salt 3 (K0,S20g) + HO; Hopping obtained a salt 
by decomposing pentasulphide of potassium with chromate of potassa, 
crystallizing sometimes in prisms of the composition KO, S2O2 + HO, 
at other times in rhombic pyramids of the composition 2 (KO, S^Og) 
+ 3 HO; Plessy asserts, that by boiling sulphur with sulphite of 
potassa, he formed KO, SgOg + S HO). Kessler has obtained, by 
the gradual addition of a hot solution of bichromate of potassa to a 
hot solution of pentasulphide of potassium, and evaporation of the 
liquid at 30®, thin four-sided prisms pf the composition 3 (K0,.S202) 
+ IIO; the mother-liquor, when strongly agitated, yielded small 
granular crysta,ls, which, when dissolved in warm water, deposited on 
cooling rhombic pyramids of the composition 3 (KO, 8303)+ 6 HO, 
which agrees with the results obtained in Dopping^s analysis. 
Hyposulphite of potassa, obtained by boiling sulphite of potassa 
with sulphur, exhibited the same phenomena respecting the for- 
mation of two kinds of crystals. A double salt of hyposulphite 
of potassa and cyanide of mercury KO, SgOg-f Hg Cy was obtained 
only once in the form of large four-sided prisms, by the addi- 
tion of alcohol to a solution of equal equivalents of both sdts and 
concentration of the mother-ley in vacuo. Hyposulphite of strontia 
was obtained most easily by mixing concentrated hot solutions of , 
equal equivalents of nitrate of strontia and hyposulphite of soda. 


(1) Ann. Ch. Phys. [3] XXL 110; J. Pr. Chem. XLII, 388. 

( 2 ) rog[g. Ann. LXXIV, 274 ; Ann. Ch. Fharm. LXVllb 23L (in abstr.). 
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- piSroM this salt crystallized out on cooling ; SrO, SgOg + HO separated 

in small prismatic crystals on evaporating a solution at or above 
60^.*— -The double salt of magnesia and potassa was obtained by 
Kessler on mixing hot solutions of equal equivalents of hypo- 
sulphite of potassa and sulphate of magnesia; the sulphate crys- 
tallized from the liquid on* coolings and the double hyposulphite 
on evaporating the mother-ley at a low temperature. He obtained 
the corresponding ammonia double salt^ MgO, 

6HO^ by decomposing the double sulphate with hyposulphite of 
strontia ; the concentrated solution becoming turbid when warmed^ 
and depositing^ only at temperatures below 0^^ crystals of the double 
salt^ which readily deliquesce. 

suipiiuroas Acid. — ^The solid combination of sulphurous acid with 
water has been more minutely investigated by Pierre(l). The crystal- 
line body^ which was obtained by passing sulphurous acid and aqueous 
vapour into a vessel cooled to — 6® or — and to which ice possibly 
might adhere^ contained about 24*|)i,of acid to 75*8 of water; crystals 
which separated at about 0^ from a saturated solution of sulphurous 
acid contained 25*1 to 26*1 percent of acid; the same fused and re- 
crystallized contained 27*9 sulphurous acid^ corresponding nearly to 
the formula SOg-f 9HO, which requires 28*3 of acid to 71*7 of water. 
— ^The cryfjials appear to be monoclinometric^ they are heavier 
than water^ which at 10^ dissolves about half its weight of 
them ; freed fi^m the liquid they may be exposed to the air for 
some time without perceptibly absorbing oxygen ; at a slight in- 
crease of 'temperature they fuse and disengage sulphurous acid. — 
Pierre has found also that liquid sulphurous acid^ when brought into 
contact with water^ at a temperature lower than its boiling pointy 
does not • combine with it^ some of the acid only being taken up 
* by the water*Vith the formation of the compound already described ; 
also when heated in sealed tubes with water to + 12^^ liquid sul- 
phurous acid does not combine with it. 

Dopping(2) appears to have obtained the same compound^ 
though not free from adhering moisture/ by passing a current of 
sulphurous acid gas into water surrounded with ice^ when a crys- 
talline body.separated^ which fused between — 1® and — ^2®. D op- 
pin g^s analysis of th^ crystals gave 24*0 to 25*6 percent of 


(1) Ann. Ch. Phys. [3] XXIII, 416; Compt. Rend. XXVII; 21 (inabstr.); J. Pr. 
Chem. XLV, 237 ; Ann. Ch. Pharm. LXVIII, 228. 

(2) Petenb. Acad. Bull. VII, 100; J. Pr. Chcm. XLIV, 255. 
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sulphurous acid; an error of calculation(l) led him to believe that 
they contained equal equivalents of sulphurous acid and water. 
Dopping supposes that there ‘exists another compound which crys*- 
tallizes at — & to — 7 ® from the *mother-liquor of the former; it 
could not be more accurately examined. 

J. S. Muspratt(2) has again investigated the composition of 
several sulphites^ some discrepancies having existed between his 
former data and those of Bammelsberg(3)^ particularly with respect 
to the water( 4 ) which they contaim For the aoda^alt crystallized 
over sulphuric acid, he again found NaO, 802 , 4-10 HO (according to 
Bammelsberg it contains only 7 HO). By saturating a strong solu- 
tion of caustic ammonia with sulphurous acid, until the odour of 
both compounds had disappeared, and adding alcohol, he obtained 
an ammonia-salt^ to which, when dried over sulphuric acid, he 
assigns the formula 2 (NH4O, 803)4- NH3 4- SfiO. Crystallized 
sf^fhite of protoxide of iron has, according to his results, which agree 
with those of Fordos and 6€lis,4he composition FeO, 8024-8H0; 
the yellowish crystalline precipitate, which is produced by potassa 
in a solution of freshly precipitated sesquioxide of iron in aqueous sul- 
phurous acid, is FcgOgiSOa 4- 2 (K 0 , SOg) 4- 6 HO. B*om the solution of 
.carbonate of protoxide of nickel in water which was subjected to a 
continuous stream of sulphurous acid, he again obtained crystals 
of a salt of protoxide of nickel agreeing in compositic^ With 
that formerly given by him, namely, NiO, 8024-4H0. ^i%4he 
precipitate, which is produced by alcohol in a solution of car^oimte 
of protoxide of cadmium in aqueous sulphurous acid, be alloweil ^ 
remain for several days in contact with the liquid, a crystalline 
salt of cadmium is formed, GdO, 8O2+2H0r As to the red 
copper-salt which is produced by the action of sulphurous acid on 
protoxide of copper suspended in water, and to which Bammels- 
berg had assigned the formula CuO, 8O2 4- CugO, SO3 4 - HO. 
Muspratt adheres to his formula Cu20,S02 4- HO; he states that 
boiling water removes from it the half of its amount of sulphurous 
acid. A double salt of sulphite qf suboxide of copper and sulphite 
of soda was prepared by mixing a saturated solution of sulphite 
of protoxide of copper and sulphite of soda, addition of absolute 
alcohol and evaporation in vacuo of the dark red fluid which separated; 

(1) Compare Arch Ph. Nat. IX, 222 ; Ann. Ch. Pharm. LXVIII, 230. 

( 2 ) Phil Mag. [3] XXX, 414 5 Chem. Soc. Mem. Ill, 292; J. Pr. Chem. XLI, 211 5 
Ann. Ch. Pharm. LXIV, 240. 

(3) Ann. Ch. Pharm. L, 259. 

(4) Pogg. Ann. LXVII, 245, 391. 
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ph“ric yellow crystals/ whidb deposited^ had the composition CugO, 

SOa +5(NaO, SOal+SSHO. 

siapRurie Acid. — ^BarreBwil(l) has found, that by distilling 
hydrated snlphuric acid with anhydrous phosphoric acid, anhydrous 
sulphuric acid is obtained in the receiver. Eyans(2) recommends this 
method for the preparation of the latter body. 

In order to prevent the bumping in the rectification of sulphuric 
add, Lembert(8) has recommended the introduction of pieces of 
quartzite, and Bedwood(4) that of pieces of rock crystal into the 
retort. B.ieckher(5) has communicated his experience with regard 
to the rectification of this add.— Hay es(6) recommends the puri- 
fication of crude sulphuric acid, by heating it with a little nitre and 
then with sulphate of ammonia and concentrating until the specific 
gravity is 1*78* After allowing the liquid partly to crystallize, it 
has to be rectified. 

Mixtures «of snipiiuric Acid and Water.— Bine au(7) has ascer- 
tained the spec. grav. of mixtures of hydrated sulphuric acid and 
water. He determined (for 0°) the spec. grav. of a number of 
mixtures in .different proportions, the composition of which he 
established analytically, and then sought by interpolation the spec, 
grav. of mixtures in simple ratios ; he farther ascertained the altera-, 
tion of the spec. grav. by a change of temperature. In this manner 
the foUowing table was constructed, the first column of which 
contains the percentage by weight of sulphuric acid in aqueous 
acid, the secoud the spec. grav. at 15^, the third the appropriate 
indications of Baum^^s areometer (for the same temperature), the 
latter, under the assumption that 66^ of Baum6 correspond to the 
spec. grav. 1*842. 


. 5 

1-032 

4»*S 

30 

1-223 

280-2 

55 

1-448 

440-7 

80 

1-734 

610-1 

10 

1*068 

9-2 

35 

1-264 

30-1 

60 

1-501 

48 *2 

65 

1-786 

63 -5 

15 

-1-106 

13 -9 

40 

1-306 

33-8 

65 

1-557 

51 -6 

90 

1-822 

65-1 

20 

1-144 

18-1 

45 

1-351- 

37 -5 

70 

1-615 

55 -0 

95 

1-838 

65 -8 

25 

1-182 

22 -2 

50 

1-398 

41 -1 

75 

1-675 

58 -2 

100 

1-842 

66 -0 


Bineau states, that he was not able to obtain the pure hydrate of 


(1) Compt. Rend. XXV» 30$ PhiL Mag. [3] XXXI, 314 ; J. Pr. Chem. XLII, 384. 

(2) Phann. J. Trans. VIII, 127 ; J. CWm. M^. [3] V, 9. 

(3) J. Pham. [3] XII, 166 ; J. Pr. Chem. XLII, 341. 

(4) Pham. J. Trans. VIII, 82, 

(5) Jidirb. Pr. Pham. XV, 78. 

(6) Sai. Am. J. [2] VI, 113. 

(7) Ann. Ch. Phys. [3] XXIV, 337; J. Pham. [3] XV, 30; Ann. Ch. Pharm. 
LXVIll, 240; J. Pr. Chem. XLVI, 98. 
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sulphuric acid by concentrating the dilute add; the product con- 
tained alwa 3 r 8 , at the least, 1 percent more water than the fonuida 
required. He mentions, that according to his ei^riments, the 
greatest condensation attending the mixing of hydrated sulphuric acid 
and water did not correspond to a mixture in stoechiometrical propor- 
tions, (it had been formerly asserted, that the maximum condensation 
took place with the mixture SO3, HO + 2 HO or SO3 + 8 HO). 

Decomposition of Snlpiiates. Bastick(l) communicates^ tliat 
well-water containing gypsum in solution, having been shaken with 
an etherial oil and allowed to stand^n a close vessel for three weeks, 
became saturated with hydrosulphuric acid, whilst the oil disap- 
peared and carbonate of lime was deposited. 

A. d^Heureu 8 e( 2 ) has published some researches on the beha- 
viour of iron and zinc with sulphuric acid and its combinations. — 
Iron, exposed to the vapour of anhy^ous sulphuric acid at a high 
temperature, by placing a crucible filled with iron wire into one 
containing sulphate of bismuth, which was closed and subjected for 
half an hour to a red heat, was converted into a fused blistered mass 
of a metallic grey colour and a bronze-hke fracture ; according to 
d^lleureuse 4 SO 3 give with 13 Fe a mixture of 3 (FeO, FcaOg) 
and 4 FeS ; he states, that a small portion of the sidphuric acid 
was, however, decomposed by the heat into oxygen and sulphurous 
acid, and that from such a mixture iron absorbed chiefly oxygen, so 
that the mass formed was somewhat richer in (^xygcn than the 
explanation given would lead us to expect. Zinc, treated in the 
same manner, was converted into a greenish-yellow powder, a mixture 
of protoxide and protosulphide of zinc ; SO 3 + 4 Zn = 3 ZnO 
+ ZnS. — Sulphate of potassa exposed for a short time to a moderate 
red heat with an excess of flnely divided iron was entirely decom- 
posed; KO, SO 3 and 3 Fe give KO, FcgOj and FeS. Water ex- 
tracts from the blackish porous mass a solution of sulphide of iron 
in potassa which is brownish-yellow when hot and dark-green when 
cold ; on exposure to the air it is decolorized with deposition of a 
dark-brown precipitate, sulphide of potassium and a hyposulphite of 
potassa being produced. On addition of copper, a mass is obtained 
from which water extracts caustic potassa and hyposulphite of potassa ; 
the solution contains no sulphide of iron. Sulphate of potassa, heated 
with an excess of zinc, is likewise completely decomposed, (this mix- 
ture exhibits, even below a red heat, a beautiful incandescence) 

(1) Pharm. J. Trana. VII, 105. 

(2) Pogg. Ann. LXXV, 255 } Ann. Ch. Pharm. LXVIII, 242 (in abstr.). 
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and yields a compact mass of a lemon-yellow colour^ containing sul- 
phide of potassium ; KO^ SO3 + 4 Zn = KS + 4 ZnO. — Sulphate of 
soda behaves in a similar manner both with iron and zinc. Iron or 
zinc^ when heated in a solution of sulphate of ammonia^ are dissolved 
(the iron as protoxide), with disengagement of ammonia. The fused 
salt acts in the same manner more energetically. By heating rapidly 
to redness a mixture of sulphate of ammonia and irOn, sulphurous 
acid is evolved after the vapour of the salt has been disengaged; the 
iron is slightly oxidized and sometimes combined with sulphur. — 
Sulphate of lime, heated strongl/ with iron, yields a black-grey mass, 
of metallic appearance, containing* sulphide of calcium, and both 
proto-sesquioxide and sesquioxide of iron; zinc, heated to redness with 
sulphate of lime, deflagrates violently, and yields a porous yellowish 
mass containing lime, and both protoxide and protosulphidc 
of zinc; CaO, SO3 + 4 Zn =^CaO + 3 ZnO + ZnS. — Sulphate of 
baryta behaves in a similar way; it is more easily decomposed 
by iron than by charcoal, but water extracts the sulphide of 
barium only incompletely from the mass thus obtained. Chlo- 
ride of barium is easily obtained by mixing 2 p. of heavy spar and 
2 of iron with a solution of 1 of chloride of calcium, evaporating, 
and heating to redness for a short time in an iron crucible. .The mass 
is poured out while still hot, pulverized after cooling, and extracted 
with hot water, a little hydrochloric acid being added, in order 
to decompose a trace of sulphide of calcium which is dissolved, and 
evaporated to crystallization. In the same manner chloride of 
strontium can be prepared from celestine; this mineral requires, 
however, a higher temperature for decomposition than either the 
lime- or baryta-salt, and the mass produced yields a larger quantity of 
sulphide of strontium, but not the whole when treated with water. 
— On heating sulphate of magnesia with iron, a large quantity of 
sulphurous acid is given off, while an iron-grey mass remains, which 
contains no sulphide of ma^esium, but consists chiefly of protoxide 
and sesquioxide together with a trace of sulphide of iron. Zinc 
gives rise to a similar decomposition, attended by a violent deflagra- 
tion. — Iron and zinc act only very slightly, if at all, on neutral 
sulphate of alumina at high temperatures. 

Dl-,TVl«,Tetra- and Penta^tblontc Acids. — It is known that 
several acids have been discovered of late, in whicii 6 equivalents of 
oxygen are combined with varying quantities of sulphur. Formerly 
hyposulphuric acid (S3 O5), discovered by Welter and Gay Lussac 
in 1819, was the only acid of this kind with which wc were acquainted; 
in 1841 Langlois found the acid S3O5 uhich is formed by con- 
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tinuousl^ heating sulphur with bisulphite of potassa ; in * I84R 
Fordos and G'^lis discovered the a^d produced by the 

action of iodine on hyposulphite of soda or baryta; in 1846 
Wackenroder assigned the formula S5O5 to an acid which he 
obtained by the mutual action of hydrosulphuric and sulphurous 
acids in the presence of water. Plessy asserted in 1845 that an 
acid 8405 is formed by the action of subchloride of sulphur on a 
solution of sulphurous acid^ diflering from that of Fordos and 
G^lis^ whilst the chloride of sulphur forms^ with the same 
solution^ an acid SgOg. Researches relating to these acids (with 
regard to the nomenclature of which^ we concur in the propo* 
sition to apply to SgOg the term dittiionic acid, to S3O5 trithionic 
ai|||L^o 8465 tctrathionic acid, and to 85O5 pentathionic acid) have 
be^ published in 1847 and 1848 by Plessy (1), Jacquelain(2), 
Lcnoir(d), Ludwig(4), Fordos and G^lis(5), and F. Kessler(6). 
Respecting the acids containing more than 5 cquivs. of oxygen, 
Plessy has stated that subchloride of sulphur (83 Cl) produces 
with sulphurous acid and water the acids S3O5 and S4O5 only, (he 
admitted the identity of the latter with that discovered by Fordos 
and G61is), and that chloride of sulphur, prepared by heating 
the subchloride in chlorine, when treated with sulphurous acid in excess, 
forms the same acid, with a smaller amount, however, in addition to 
the acid 8405, also the acids 8gOg and SgO^. Fordos and G^lis, 
who made use of more exact analytical methods, have ascertained 
that both subchloride and chloride of sulphur give rise to the 
same sulphur-acids, by their action on water and sulphurous acid, 
(the co-operation of the latter they found to be alt(^ether unessential), 
and that a difference is exhibited only in respect to the quantity of 
sulphur which separates at the commencement of the reaction. They 
believe that the first result of this reaction is the production of S.O., 
from which soon separates S4O6, and then SgOg, along with other pro- 
ducts of decomposition. They never found an acid containing more 
than 5 cquivs. of oxygen. ^ 

BithionicAcidi. — ^According to a short statement of Jacquelain, 
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(1) Ann. Ch. Phys. fS] XX, 162; J. Pr. phem. XU, 329 ; Compt. Rend. XXIV, 
198 (in sbstr.) ; Ann. Ch. Phara. LXIV, 24t. 

(2) Ann. Ch. Phys. [3] XXI, 110; J. Pr. Chem. XLII, 338. 

(3) Ann. Ch. Phann. LXII, 253; J. Pr. Chem. XLIII, 455 (in ahstr.). 

(4) Arch. Pharm. [2] LI, 259. 

(5) Ann. Ch. Phys. [3] XXII, 66 ; J. Pr. Chem. XLIII, 456; Compt. Rend. XXV, 

623 (in ahstr.) ; Ann. Ch. Pharm. LXIV, 249. * 

(6) Pogg. Ann. LXXIV, 249; Ann. Ch. Pharm. LXVIII, 233 (inahatr.); Laurent’s 
and Gftfhardt’s Compt. ^nd. dcs Trav. Chim. 1849, 139. 
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^ ditbionic acid also is gradtially produced along with sulpluric in 
an aqueous solution of sulphurous acid to which t^e air has only 
very partial access^ (he examined a solution which had been prepared 
twn years previously). 

TrltiiioiiicAciii.---»KeB8ler obtained trithionic acid in aqueous 
solution by decomp(Ming the potassa-salt with hydrofluosilicic acid ; 
the liquid^ however^ could not be concentrated even at 0^ without 
disengagemement of sulphuric and sulphurous acids. He confirmed 
the formula KO^ S3O5 for the crystallized potassa-salt. He found the 
formula BaO, S3O5 + 2.-HO foir a baryta-sidt (dried between filtering- 
paper), whkh had been obteraed by saturating the aqueous acid with 
carbonate of baryta and adding a large quantity of absolute alcohol, 
when the salt was precipitated in brilliant scales ; the aqueous solu- 
tion of this salt is very rapidly decomposed. — He did not confirm 
the statement of Baumann, that trithionates are formed by digestion 
of dithionates with sulphur. ^ 

Tetrathionio Acid.— According to Kessler tetrathionic acid is 
best prepared from the lead-salt; In order to obtain this salt, 
hyposulphite of lead is prepared by mixing a solution of two parts jpf 
hyposulphite of soda, dissolved in a' large quantity of warm water;' 
with a. wam^ and likewise dilute solution of three parts of acetate of 
lead ; the precipitate, which has been well washed with warm water 
whilst still moist, is mixed with on^ of iodine and stirred repeatedly. 
After some days, the whole is converted into iodide of lead and a 
solution of tetrathionate of lead, which latter is to be decomposed 
by sulphuric ac^^ (pot by hydrosulphuric acid). Tetrathionate of 
strontia is obtaiped^^y mixing tetrathionic acid with a proper quan- 
tity of an aqueous solution of acetate of strontia and addition of alcohol ; 
dried between blotting-paper it contams SrO, 84^5+^ HO. The 
lead-salt prepared in the same way contains PbO, 8405+2 HO. 
Neither the dead-, the soda- nor the copper-salt can be obtained 
in the crystalline state by eva^brating^' their aqueous solutions. 
The nickel- and cadmium-salts form deliquescent crystalline 
masses. 

Fcntatliloiilq Acid. — ^Lenoir has found the baryta-salt of this 
acid to contain BaO, 8505 + 2 HO, besides a small amount of alcohol. 
He prepared it according to the method of Wackenroder, by the 
reaction .of sulphurous on hydrosulphuric acid in the presence of 
water, and saturation with carboiiate of baryta, when transparent 
square prisms of the salt were deposited on the addition of alcohol. 
Hence the small quantity of alcohol which Kessler found in the 
crystals. The aqueous solution of this salt is decomposed by heat. 
Fordos and Gj£lis, who obtained this acid (85O5) several tim& by 
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tne action of chloride of sulphur on an aqueous solution of sulphurous 
acid, arrived at |he same composition; they obtained a salt free from 
alcohol by precipitating the aqueous solution with ether contain- 
ing very little alcohol. They call attention to the &ct, that the salt 
containing alcohol can be preserved for a longer time without decom- 
position than the salt which is free from it.-— Ludwig States that 
pentathionic acid is likewise formed by the action of a warm 
aqueous solution of sulphurous acid on freshly prepared penta- 
sulphide of hydrogen. ' 

Kessler reminds us that Fersoz had formerly obtained penta- 
thionic acid, by decomposing hyposulphite of lead with %dro- 
sulphuric acid, but had mistaken it for hyposufphurous acid. 

The same chemist has determined the specific gravity, and the 
composition of aqueous pentathionic acid; the following are his 
results : 


Spec. grav. at + 220: 1*233 1*320 1*474 1*506 

Percentage of Sj Og ; 32*1 41*7 56*0 597 

He has also subjected the reactions of tri^, tetra-, and pentathionic 
acids, to a comparative examination. 

The ready decomposition of the aqueous solution of pentathionate 
of baryta with deposition of sulphur has been confirmed by Lenoir, 
Fordos and Oelis, Ludwig ai^d Kessler. Fordos and G^lis 
found that the crystals which are separated by alcohol at different 
periods of the decomposition, require * less and less chlorine for the 
complete conversion of the sulphur into sulphuric sicid, the farther 
the decomposition is advanced ; the crystals contain, at first BaO, 
S5 O5, with BaO, S4 O5, then BaO, S4 O5 with BaO, S3 Og, and at 
last only the latter salt. Ludwig found that by evaporating penta- 
thionates of potassa and baryta with an excess of pentathionic acid 
and allowing them to crystollize, salts are obtained which contain 
9 equivs. of sulphur and 10 equivs. of oxygen , to 2 equivs. of base : 
2 KO, SgOio+HO and 2 BaO, S^io+6 HO, (in the preparation 
of the latter salt, BaO, S4 O5 + 2 m) crystallized out of the mother- 
liquor.) He considered these salts as compounds of a peculiar tetra- 
pentathionic acid. On adding aqueous pentathionic acid to an alco- 
holic solution of acetate of potassa, Kessler obtaihed a precipitate 
which, when dissolved in water (sulpW remaining behind) and treated 
with alcohol yielded crystals of KQ, S4 Og. By mixing aqueous 
solutions of pentathionic acid and acetate of baryta, and adding 
alcohol, a precipitate was, obtained which, when dissolved in water 
and reprecipitated by alcohol, was found to yield a salt (when dried 
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Stt between. blotting-^^^ of composition 2BaO, SgOjo+y HO. 
add. Still Kessler does not believe in the existence of tetrapentathionates 
as peculiar salts, but considers them as mixtures of tetra- and pen- 
tathionates, whicli arCr p^baps, capable of crystallizing together in 
all proportions. 

aeieniiim^SchaffgotsCh(l) has examined the spec. grav. of 
selenium. ^ Rapidly cooled after fusion, this element gave (for 20^) 
spec. ^av. from 4*276 to. 4*286, as a mean 4*282; slowly cooled, 
4*796 to 4*805/ as a mean 4*801 ; when precipitated in the state of a 
finely 4ivided red powder, by means of sulphurous acid from aqueous 
selqnious ^cid, 4*259 ; this precipitate^^wmch blackened on heating, 
gave a spec. grav. of 4*264. 

Sacc(2) has made some experiments for the purpose of determining 
the equivalent of selenium. By converting a. known quantity of 
selenium into selenious acid (by means of nitric acid) and deter- 
mining the increase in weight, he arrived at the numbers 40*0, 40*5, 
89*2, the last of which he considers to be the most correct, because 
the selenious acid obtained in the two first determinations had an 
odour of nitric acid. In determining how much selenium was pro- 
cured by reducing a known weight of selenious acid, he arrived hi 
the numbers 39*2, 39*0, 39*5. He takes 39*2 as the mean. For 
controlling the above, he determined how much sulphate of baryta 
and selenium were formed by digesting^ at a gentle heat a weighed 
quantity, of selenite of baryta with bisulphite of ammonia. A com- 
parison of these results with the numbers calculated according to the 
equival^t he had adopted, appeared to himS^jtisfe^ry, 

although discrepancies were exhibited amounting to nearly -ro-^ths of 
the weight. Cdncordant determinations q| the quantities of sulphate 
of baryta formed by the decomposition of the selenite, led to the 
equivalent 39*3; the analysis of the‘ silver-salt, conducted in the 
same way, gave 89*6 and 89*4. These numbera are stated to be 
somewhat too high, because some metallic silver was mixed with the 
sulphate of silver. The decomposition of Selenite of lead, by means 
of sulphuric acid, was not complete. Ite adopted the equivalent 
89*3; according to the determination of Berzelius it is 39*5. 

Selenite of Soda. — solution of selenious acid, saturated with 
carbonate of soda, yielded crystals when evaporated in vacuo to the 

(1) BerL Acad. Ber. Nov. 1847; J. Pr. Cham. XLTII, 308; Ann. Ch. Pham. 
LXYIII, 247 ; Instit. 1848, Utf. * 

(2) Ann. Ch. Phya. [3] XXI, 119; J* Pr. Chem. XLII, 329; J. Pharm. [3] 
Xn,442. 
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consistency of a syrup. Dried analysed, tHisr a^t was 

found to contain 8 equivalents of selempus acid to S of soda. ^ 

Chloride of aeienium.— Sacc(l) has likewise mfido an analysis of 
the liquid subehloride of selenium; he ackncw^ledg^ fOt^^^^M 
pound the formula Se^ Gl, found by Berzelius, although his own 
analyses do not agree with if. i 

Iodine. — on der Mark(2) has found iodine ih the Jwigerman- 
nia albicans L. Both bromine and iodine have been discovered in 
Silesian coals, by DufIo's(S). — In order to obtain iodine from the 
most dilute solutions, Persoz(4) recommends to pass sulphurous acid 
into the liquid until it smells strongly of the gas, to add sulphate 
of protoxide of copper and bisulphite of soda, when a precipitate of 
siibiodide of copper is immediately formed, which is decomposed in 
the usual manner. 

The presence of iodide of cyanogen in commercial iodine has been 
observed by Scanlan(5), and by P. Meyer(6). 

Iodide of Potassium. — ^Scleniate of potassa is stated to have been 
detected in commercial iodide of potassium by Trez(7); the presence 
of iodate of potassa in iodide of potassium has been discussed by 
Lepage(8) and .Leroy(9) ; that of bromide of potassium by Mbul- 
lard(lO). 

Diesel(ll) has made experiments upon the deportment of io^de 
of potassium with sulphuric acid ; he found that iodide of potassium 
which was perfectly free from sulphide, when acted upon by concen- 
trated sulphuric acid, evolved not only sulphurous acid but likewise 
hydrosulphuric acid; this, however, did not occur by the action of 
dilute acid ; hydrosulphuric acid was also evolved by the action of 
hydrochloric acid, containing sulphuric, upon iodide of potassium. 
Wackenroder(l2) corroborates these statements regarding the action 
of sulphuric acid ; according to his observations, sulphurous acid does 
not apparently decompose iodide of potasnum ; the smallest admixture 
of sulphide in iodide of potassium, he states, may be easily detected 

(1) Ann. Ch. Phys. [3] XXril. 124 ; J. Pr. Chem. XLV, 94. 

(2) Anjh. Phann. [2] LI, 154. 

(3) Arch. Phann. [2] XLEX, 29. 

(4) J. Phann. [3] XII, 105; J. Pr. Cham. XLII, 346. 

(5) Chem. Soc. Mem. Ill, 321. 

(6) Arch. Pharm. [2] LI, 29. 

(7) PWl. Mag. [3] XXXII, 397 j J. Caiim. [3] IV, 201. 

(8) J. Chim. M«. [3] IV, 687. f (») Arch. Phiinn. [2] XLIX, 272. 

(9) Ibid. [3] IV, 589. (18) IWd. [2] XLIX, 275. 

(10) Ibid. [3] III, 691. 
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protochloride of tin, by the evolution of hydrosulphuric 

acid. 

Bromine. — Foselger(l) has observed that in the distillation of 
' oommercial bromine, towards the end of the operation, the boiling 
point rose to 120®; from the last portion of the distillate bromide of 
carbon (found 6*7 to 7*1 carbon to .91'8 bromine, calculated 7 to 
98), separated on addition oi^ caustic potassa, as a sweet, colourless, 
aromatic apd highly refractive fluid, of a spec. grav. 2*436, boiling 
at 120®, not solidifying at — 25®. This fluid is incombustible, 
only slightly soluble in water, but miscible with alcohol, ether and 
bromine in all proportions; it is not decomposed by strong sul- 
phuric and nitric acids. 

Chlorine. Chlorous Acid. — ^According to de Vry(2), chlorous 
acid (CIO3), mixed carbonic acid, is prepared easily and with- 
out danger, by boiling the solution of chloric and tartaric acids, 
which is obtained after mixing equal equivalents of chlorate of 
potassa and tartaric acid and crystallization of the double salt of 
chlorate and tartrate of potassa. 

Chloric Add.— For the preparation of chlorate of baryta, equal 
equivalents of chlorate of potassa and bitartrate of ammonia (122*6 of 
the former to 167 of the latter) arc recommended by L. Thompson(3) 
to be dissolved in the smallest possible quantity of boiling water ; 
after the bitartrate of potassa has crystallized out, the fluid is to be 
mixed with an equal volume of alcohol. The filtered solution of 
chlorate of ammonia is now decomposed by digestion with freshly 
precipitated carbonate of baryta and the filtrate allowed to crystal- 
lize. Chlorate of strontia and lime may be prepared in a similar 
manner. 

Chloride of Lime. — M5ne(4) suggests as an improvement in the 
preparation of chloride of lime, the repeated treatment" of 
slacked lime with chlorine-water. — ^Basticlk(6), has d^cribed the 
action of chloride of lime upon sugar, starch, cotton-wool, &c.; 
when free lime is present, formiate of lime is produced, while, if it be 
absent, carbonic acid is formed. The action upon a solution of 
sugar is exceedingly violent ; chloride of lime containing free lime, 
forms, with a solution of glue, formiate of lime and ammonia. 


(1) Pogg. Ann. LXXI, 297. 

(2) Ann. Ch. Phann. LXI, 248. 

(3) PhU. Mag. [3] XXXI, 510 5 J. Pr. Chem. HUH, 73 ; J. Pharm. [3] XIV, 67. 

(4) Compt. Rend. XXV, 747. 

(5) Pbann, J. Trans. VII, 467 ; J, Pharm, [3] XIV, 20. 
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Fluorine. Hydrofluorle Acid — .According to Louyet(l) the 
liquid hydrofluoric acid, which has been considered as anhydrous, 
still contains w|iter. He states that it requires less base for neutra- 
lization than is necessary on the former assumption. By the * 
distillation of fluor-spar with sulphuric acid, previously heated to 
ebullition, the product being conducted over anhydrous phosphoric 
acid, no liquid was condensed in the receiver i^urrounded by a 
frigorific mixture, the phosphoric acid, however, deliquesced. Louyet 
concludes that anhydrous hydrofluoric acid is a gaseous body at 
— 12® under ordinary atmospheric pressure. 

NItroffcn. Protoxide of Nltronren. — According to Gay Lu8sae(2) 
protoxide of nitrogen is evolved in a state of purity by the action of 
protochloride of tin upon aqua regia ; the evolution is most uniform, 
if crystals of nitre or cylinders of fuseil^ nitre are gradually 
introduced through a wide tube dipping into a solution of pro- 
tochloride of tin in hydrochloric acid, which is heated in a water- 
bath. 

Dumas(3) has described some properties of liquified protoxide of 
nitrogen which he had prepared by means of Nattcrer^s apparatifs. 
When slowly evaporating in open vessels, the introduction of small 
pieces of metal causes a hissing similar to that of red-hot iron 
in water ; mercury immediately solidifies in it ; potassium, sulphur, 
phosphorus, iodine, and carbon float upon it without change. Ignited 
charcoal is rapidly burned ; common sulphuric and nitric acids arc 
readily solidified, as also water, which gives rise to such powerful 
evaporation that explosions sometimes occur. Alcohol and ether may 
be mixed with protoxide of nitrogen without being solidified. 

Binoxide of Nitrogen. — ^According to the observations of Pelouze 
and Gay Lussac(4), binoxide of nitrogen is conveniently prepared 
in the same manifer as the protoxide, by substituting protochloride of 
iron for protochloride of tin. 

Binoxide of Nitrogen and Nitrous Acid. — According to Schon- 
bein(5) nitrites of protoxide of lead and of protoxide of manganese 
are formed by the action of binoxide of nitrogen upon finely divided 
binoxides of lead and manganese suspended in water. Binoxide of 
nitrogen produces with protoxide of silver, under the same circum- 

(1) Compt. Reiid. XXIV, 434. 

(2) Ann. Ch. Phys. [3] XXIII, 229. 

(3) Compt. Rend. XXVII, 463; Instit. 1848, 350; J. Pharm. [3] XIV, 411 ; Ann. 
Ch. Phann. LXVIII, 224 ; J. Pr. Chem. XLVI, 110. 

(4) Ann. Ch. Phys. [3] XXIII, 216. 

(5) J. Pr. Chem. XLI, 225. 
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stances^ nitrite of protoxide of silver^ a portion of the metal being 
reduced ; with teroxide of gold> nitric acid and metallic gold ; with 
binoxide of hydrogen^ nitric acid ; with iodine or bro^iine^ hydriodic 
or hydrobromic and nitric acids^ but only in limited quantity, both 
products decomposing each other when highly concentrated. — ^Accord- 
ing to Schdnbein(l) aqueous solutions of nitrites are converted 
into nitrates by oxidized water, ozone, bromine and chlorine, and 
probably also by binoxide of lead and manganese. 

Nitrttes. — N. W. Fischer(2) has published observations upon the 
preparation and qualitative deportment of some nitrites. Nitrite of 
potassa, forming indistinct and deliquescent crystals, is prepared by 
fusing nitre, dissolving the mass in water, allowing the nitre to 
crystallize out, neutralizing with dilute acetic acid, adding spirit 
of wine, and crystalllbing the aqueous layer which is formed 
in mcuo. Nitrite of soda prepared in a similar manner deliquesces 
less readily. The baryta-salt (obtained by fusing the nitrate, pre- 
cipitating the free baryta by carbonic acid and the nitrate by 
addition df alcohol to a concentrated aqueous solution, and crys- 
tlllizing), is stated to assume two different forms ; regular hexagonal 
needle-shaped prisms and thick rhombic columns of 71 it is very 
soluble in water and in spirit of wine, and is not altered by the air. 
The strontia-salt (prepared like the baryta-salt) deliquesces slowly in 
moist air. The lime-salt (which is best prepared by decomposing the 
silver-salt with lime-water) crystallizes in prisms, deliquescent in the 
air, and insoluble in absolute alcohol. The ammonia-salt (prepared by 
decomposing the silver-salt with chloride of ammonium) forms needle- 
shaped crystals, stable in the atmosphere and readily decomposed by 
a gentle heat {vide infra). The magnesia-salt (prepared by boiling 
the silver-salt with magnesia) forms a leafy deliquescent mass, inso- 
luble in absolute alcohol and. readily decomposed by heat. Nitrite 
of silver (prepared' by decomposing nitrate of silver with one -of ^0 
above salts) forms a white hair-like powder or yellow fibrous cr]si||k|$, 
prisms of 59^, soluble at the ordinary temperature in 800 jBiarl;s of 
water,^and readily dissolving at the boiling heat {vidk 
salts with potassa are produced by mixing solutibns^ 
nitrites with nitrite of potassa (the latter beings ^ excess). 
Nitrite of protoxide of silver and potassa ctystal^^tii^plates and 
prisms; it is somewhat yellow and permanent in^^| air, decom- 

(1) J. Pr. Chem. XLI, 227. 

(2) Pogg. Ann. LXXIV, 115; *Ann. Ch. Pharm. LXVIII, 224 (in abstr.); J. Pr. 
Chem. XLYI, 318. 



NITROGEN. 


293 


posing when slightly heated. Nitrite of protoxide of palladium and Nitritw. 
potassa forms yellow (in one experiment red) crystals. Nitrite of 
lead and potassa forms oran^-yellow, six-sided monoclinometric 
crystals. Nitrite of protoxide of nickel and potassa forms brownish- 
red octohedrons; nitrite of protoxide of cobalt and potassa a 
yellowish powder. 

Nitrtte of Ammonia. — Milloii(l) has observed, that an aqueous 
solution of nitrite of ammonia is decomposed by ebullition into water 
and nitrogen gas, especially if a drop of hydrochloric, sulphuric, or 
nitric acid be added ; on the other hand, addition of ammonia pre- 
vents the decomposition. He obtains nitrite of ammonia by passing 
the vapour disengaged in the distillation of nitrate of lead through a 
solution of ammonia placed in a freezing mixture; the solution 
being evaporated over caustic lime in an .^tmosphere containing 
ammonia, this salt crystallizes first. 

Nitrite of Protoxide of Lead. — Nickl6s(2) has investigated the 
neutral nitrite of protoxide of lead, which presents the same crys- 
talline form as the nitrate, (regular octohedron), and crystallizes with 
it. He found in the first 6*83 to 6*87 percent of water ; PbO, NO 3 
+ HO requires 6*47. He compares the fonnula of both salts thus : 

nJ*}, PbO ; N Q*},PbO. 

Nitrite of Protoxide of suver. — ^According to Pcrsoz(3) nitrate of 
protoxide of silver evolves oxygen even below redness, being partially 
converted into the nitrite. The latter is stated to be readily decom- 
posed at a higher temperature, unless nitrate be still present ; the 
decomposition may likewise be prevented by the addition of nitrate 
of potassa or soi^. For the preparation of nitrite of silver, he 
recommends to heat equal parts of nitrate of silver and nitrate of 
potassa; from the hot aqueous solution the nitrite of silver will be 
deposited in crystals. This salt AgO, . NO 3 forms fine needles, 
very slightly soluble in cold water. 

Nitric Acid. — Kuhlmann(4) has adduced several new arguments, 
for the production of nitric acid from ammonia by the action of 

(1) Ann. Ch. Phys. [3] XIX, 255; Ann. Ch. Phann. LXIV, 232; h Pr. Chem. 

XL. 369. 

(2) Compt. Rend. XXVII, 244 ; J. Pr. Chem. XLV, 374. 

(3) Ann. Ch. Phys. [3] XXIII, 48 ; Ann. Ch. Phann. LXV, 177; J. Pr. Chem. 

XLV 98. » 

(4) Ann. Ch. Phy». [3] XX, 223; J. Pr. Chem. XLI, 289; Ann. Ch. Phum. 

LXIV, 233. 
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nascent oxygen. Nitric acid is liberated by the actibn of sulphate of 
ammonia and sulphuric acid upon bichromate of potassa^ binoxide of 
manganese^ binoxide of lead or minium^ or binoxide of barium. By 
heating sulphate of ammonia with either chlorate or nitrate of 
potassa^ the ammonia is completely converted into nitrous acid. 

Mohr(l), Wackenroder(2), and Witt8tein(3) have interchanged 
their views and experience regarding the best method of preparing 
nitric acid free from hydrochloric, whether by precipitation with 
silver, or by fractional distillation. 

A. Smith(4) has communicated an investigation on the hydrates 
of nitric acid. By passing hot dry air through strong fuming 
acid he obtained a liquid of spec. grav. 1*503, which contained 
81*56 percent NOg. It commenced to boil at 88®, the temperature 
rising during the distillation to 121®, when a liquid remained in the 
retort containing 63*11 percent NOg. The distillate between 88® and 
93®, of a strong red colour, contained 84*96 percent ; this portion 
when decolorized by a current of hot air exhibited a spec. grav. 
1*516 at 15®*5. Its boiling point was found to be 84°*4, nearly 
all distilling between this tcmj)craturc and 86®* 7 ; it contained 
84*54 percent NOg. The first portion of the distillate which came 
over in the preparation of this acid had, after dccolorization, similar 
properties (spec. grav. 1*617 at 15®*5, boiling point 84®4) and contained 
84*74 percent of NOg (NOg -4- HO requiring 85*7) ; when diluted with 
water so as to produce an acid of the formula N 05 + 2H0ithad 
a spec. grav. at 15®*5 of 1*486, but no constant boiling point. The 
acid NO 5 + 4 HO prepared by farther dilution had a spec. grav. 
of 1*4S4 at 16®*5, and distilled unchanged at 121®, the boiling 
point rising towards the end of the operation to 127®. Dilute 
acid, when heated until the boiling point was stationary at 121®, 
exhibited a spec. grav. of 1*412. 

Action of Hyurosniiiiiurtc Acid upon Nitric Acid.— Leconte(5) has 
described the action of hydrosulphuric acid upon pure aqueous nitric 
a,cid of a spec. grav. of 1*83 (36®). His experiments contribute but 
little to what is already known upon this subject. The separated 
sulphur he found to be soft, similar to that which has been sud- 


(1) Arch. Pharm. [2] XLIX, 25, L. 19. 

(2) Arch. Phann. [2] L, 23. 

(3) Repert. Pharm. [3] I, 44. 

(4) Chem. Soc. Mem. Ill, 399 ; TPhU. Mag. [3] XXXI, 454. 

(5) Ann. Ch. Phys. [3] XXI, 180; Ann. Ch. Pharm. LXIV, 233; J. Pr. Chem. 
XUI, 379. 
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denly cooled after fusion; the evolved gas consisted of binoxidc 
of nitrogen and hyponitric acid^ wUich^ after some time^ was re- 
placed by undccomposed hydrosulphuric acid. He confirms the 
formation of sulphate of ammonia. Hyponitric acid produces with 
hydrosulphuric acid^ sulphur^ water and binoxide of nitrogen ; 
hydrosulphuric acid and binoxide of nitrogen do not act upon edch 
other in the dry state. 

Buipiio-nitriG Add. — Sch6nbein(l) has investigated the deport- 
ment of sulpho-nitric acid (a mixture of sulphuric and hydrated 
nitric acids) with sulphur^ selenium^ phosphorus and iodine. Sul- 
phur or selenium are converted into sulphurous or selenious acid 
even in the cold; phosphorus into phosphoric acid and a small 
quantity of phosphorous acid; the addition of water to the acid 
after its action upon sulphur^ selenium or phosphorus, causes a 
copious evolution of binoxide of nitrogen; the same is observed 
also after its action upon iodine. Nitro-sulphuric acid dissolves 
the latter body without at first changing colour ; but after a 
short time, a sulphur-yellow powder separates from it, which 
Schonbein believes to consist of iodic acid with an oxide of iodine 
and sulphuric acid. 

The action of a mixture of fuming nitric and sulphuric acids upon a 
number of organic compounds has been studied by Cahours(2); 
the results we shall communicate below, {vide anisic acid, benzoic 
acid, cuminic acid, mesitilole and salicylate of oxide of methyl). 

Nltro-hydrochlorlc Acid (Aqua Resia). — 6ay-Lussac(3) has pilb- 
lishcd an investigation on aqua regia. Most chemists were of opinion 
that nitric and hydrochloric acids gave rise to the liberation of chlorine 
and nitrous or hyponitric acid, but in a separate state. E. Davy, how- 
ever, stated, as early as 1831, that chloride of sodium, acted on by nitric 
acid, evolved together with chlorine a peculiar gas consisting of equal 
volumes of binoxide of nitrogen and chlorine; and Baudrimont in 
1843 condensed, from the gaseous products of the action of nitric acid 
upon hydrochloric acid, a dark, reddish-brown liquid, of a spec. grav. 
1'368, boiling at — 7®, having a density of vapour = 2’49 and the 


(1) Chem. Gaz. 1847, 229 ; Pogg. Ann. LXX, 87. 

(2) Ann. Ch. Phys. [3] XXV, 5 (complete); J. Pr. Chem. XLVI, 321; Compt. 
Rend. XXIV, 553 (partly and in abstr.) ; Ann. Ch. Pharm. LXIV, 396 ; LXIX, 230; 
J. Pr. Chem. XLIII, 298. 

(3) Ann. Ch. Phys. [3] XXIII, 203 ; Ann. Ch. Pharm. LXVI, 213 ; J. pr. Chem. 
XLIV, 335 ; Compt. Rend. XXVI, 619 (in abstr.); Instit. 1848, 181 ; J. Pharm. [3] 
XIV, 92; Gerhardt’s Critical Remarks in Laurent's and Gerhardt's Compt. Rend, 
dcs Trav. Chim. 1849, 37. 
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d^^iojic cojnpotttion NO 3 CI 3 , to which he assigned the name chloro-nitric 
— Gay-Lussac observed that aqua regia^ when heated in a 
WAter-bath^ evolves a gaseous body^ which^ dried and exposed to a 
^gorific mixturej separates into chlorine and a dark lemon-yeUow 
liquid^ boiling at — 7®. This liquid contains the elements of 
binoxide of nitrogen and chlorine^ the latter is entirely converted^ by 
the action of water^ into hydrochloric acid. Gay-Lussac found this 
yellow liquid to contain 69*4 and 69*5 percent of chlorine^ the 
calculated quantity for the formula NO 2 GI 2 being 70*2. In the 
gaseous state^ this compound consists of equal volumes of binoxide 
of nitrogen and chlorine^ it may be considered as hyponitric acid^ in 
which two equivalents of oxygen are replaced by two equivalents of 
chlorine; hence, Gay-Lussac termed it acide hypochloronitrique, 
hypochloronitric acid. 

Aqua regia, however, prepared under a variety of conditions, 
gives by no means always a condensable liquid of the adduced 
composition. In conjunction with it, and in variable quantity, 
a compound is formed which may likewise be obtained by mixing 
chlorine and binoxide of nitrogen. Both gases combine with 
diminution of volume, the mixture assuming an orange-yellow 
colour and condensing between — 16® and - — ^ 20 ® to a dark reddish- 
brown liquid, which, however, contains according to Gay-Lussac> 
more chlorine than the pure compound. The composition of the latter 
was ascertained by Gay-Lussac, by detemining the. diminution of 
volume exhibited by chlorine and binoxide of nitrogen, when mixed in 
various proportions ; he arrived at the conclusion that one volume of 
chlorine combines with two volumes of binoxide of nitrogen, giving 
rise to a compound NO 2 CL With reference to the composition of 
nitrous acid, he calls it acide chloronitreux, chloronitrous acid. 

Now, the fluid which may be condensed from the vapour of aqua 
regia consists of a mixture, in variable proportions, of NOj CI 3 and 
the more volatile body NOgCl; the diflFerence in volatility, however, 
is too small to admit of perfect separation. The former duid, when 
treated with water, gives rise to hydrochloric acid and the products of 
hyponitric acid with water; if NO 3 CI predominates, water disen- 
gages binoxide of nitrogen. The vapour of this fluid is absorbed by 
concentrated sulphuric acid, which assumes a greenish-yellow colour, 
chlorine and hy^ochloric acid being evolved. 

Both of the above-named compounds, together with chlorine and 
water, are produced in the mutual reaction of the constituents of 
aqua regia, especially on application of , heat. Gay-Lussac refutes 
the assertion of E. Davy and Baudrimont,'that the properties of 
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aqua regia are due to its containmg a compound of chlorine^ 
nitrogen and oxygen^ and confirms the generally received view, that 
its action depends upon the presence of free chlorine. From the 
vapour evolved in the action of aqua regia upon gold, a liquid may 
be condensed, which is nearly of the composition NO^Clg, containing, 
however, no free chlorine. 

With aqua regia-silver, mercury and copper evolve binoxide of 
nitrogen ; arsenious acid, phosphorus and protochloride of iron act 
in a similar manner. Tin and the metals which decompose water 
dissolve in aqua regia, particularly if it contains a large proportion of 
hydrochloric acid, without evolution of gas, in consequence of the 
formation of ammonia. Frotochloride of tin evolves protoxide of 
nitrogen. 

Finally, Oay-Lussac proves that a mixture of hydrochloric and 
hyponitric acids also dissolves gold; Sir H. Davy(l) had asserted 
that gold remains intact in a mixture of hydrochloric and concen- 
trated nitric acids, saturated with binoxide of nitrogen. 

Atmospheric Air. — Begnault(2) has determined the weight of 
a litre of dry atmospheric air at 0® and under a pressure of 760™“ 
for. Paris, at 1*293187 grm. Biot and Arago had previously found 
it 1*299541 grm. According to this determination of Reg- 
nault^s, and his experiments upon the densities of other gases 
weighed under the usual normal conditions, one litre of 
Nitrogen weighs 1*25^167 grpa. 

Oxygen „ 1*429802 „ 

Hydrogen „ 0*089578 „ 

Carbonic acid „ 1*977414 „ 

Doyere(3} announced that from the 1st of September to the 
20th of December, 1847, the volume of oxygen in the air of Paris 
fluctuated between 20*5 and 21*5 vol. percent. Regnault, by a 
number of determinations made from the 24th to the 31 st of Decem- 
ber 1847(4), found it to vary between 20*90 and 21*00, in 
January, 1848(6), between 20*89 and 20*99 ; the results obtained in 
the analysis of air at various hours of the same day were found to 
oscillate between the same limits. Doyere(6) -still maintained that 
fluctuations between 20*5 and 21*2 occurred; the insufEiciency 


( 1 ) Ann. Phys. [2] I, 327. 

( 2 ) Relation, Ac. (see p. 52), 151 5 Pog; 0 f. Ann. LXXIV, 202. 

(3) Compt. Rend. XXV, 928. 

(4) Ibid. XXVI, 11 , 156 ; Ann. Ch. Pharm. LXVIII, 221. 

(5) Ibid. 155; J. Pr. Chem. XLIV, 49. 

( 6 ) Compt. Rend. iCXVI, 193. 
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spheric ot the arguments adduced has been again pointed out by Beg- 
nault(l). 

B. F. March a#d(2) found the quantity of oxygen in the air in 
ten experiments to from 20*90 to 21*03, the mean being 
20*97 vol. percent; the quantity of carbonic acid, as the mean 
of 150 experiments, he found in the proportion of 3*1 to 10000 
volumes of air. 

‘ Bcspecting the presence of ammonia in the atmosphere, compare 
page 299. 

B. A. Smith(3) states that he has found in water, through which 
expired air had been passed, sulphuric acid, chlorine and an organic 
substance similar to impure albumen ; he states that the deteriora- 
tion of air in places wheje many persons are confined, depends on 
the presenec of this organic compound. He discusses, moreover, 
the contamination of the atmosphere by putrefactive processes. 

Ammonia. — Kuhlmann(4) has pointed out several instances in 
which nitric acid is converted into ammonia ; this conversion occurs 
in the following reactions, viz., of dilute sulphuric acid and zinc upon 
nitrate of potassa, (instead of employing sulphuric acid and zinc, 
liydrochloric acid and iron may be used) ; of dilute sulphuric acid (or 
hydrochloric acid) and sulphide of iron (or tersulphide of antimony) 
upon a nitrate, when sulphur is deposited; of hydrochloric acid 
and zinc upon the nitrate of a metallic oxide, the metal of which 
is precipitated by zinc (f. i. copper) ; of a solution of tersulphide of 
atsenic in caustic potassa upon nitre at a gentle heat (slowly) ; of 
sulphuric acid upon a solution of nitre in sulphide of potassium, 
the former acid being added gradually in excess, likewise slowly ; of 
a weak solution of nitrate of potassa upon hydrated protoxide of 
iron and of tin, when gently warmed ; of hydrosulphuric acid upon a 
solution of terchloride of antimony, in presence of nitrate of potassa. 

Beichenbach(5), in reply to the question whether the nitrogen of 
the atmosphere contributes to the formation of ammonia, calls to mind 
the fact that neither wood-charcoal alone nor carbonate of potassa, 
maiMined for a long time at a red heat, give rise to the formation of 
ammonia, while it is formed if both be mixed and heated with access of 
atmospheric air ; he is of opinion that the production of ammonia in 

(1) Compt. Rend. XXVl, 233. 

(2) J. Pr. Chem. XLIV, 24. 

(3) Phil. Mag. [3] XXX, 47a ; Iiistit. 184B, 379. 

(4) Ann. Ch. Phya. [3] XX, 223 j J. Pr. Chem. Xlil, 289; Ann. Ch. Phann. LXIV, 233. 

(5) From : Berichte uber die Mi^heilungen \’on Freunden der NaturwiMenschaflen in 
Wien, I. 158, 3 . Pr. Chem. XU, 56. 



NITROGEN. 


299 

this case depends upon the previous formation of cyanide of potassium 
and cyanate of potassa^ which are decomposed under the influence 
of vapour of water. 

Kcmp(l) has published some experiments upon the quantity of 
ammonia contained in, the atmosphere ; he passed air through chloride 
of mercury^ which absorbed the ammonia; 24840 cubic inches 
(English) gave 1*8 milligrammes of ammonia. 

Bicarbonate of Ammonia.'— Bicarbonate of ammonia has been 
found in considerable quantity in a bed of guano on the western 
coast of Patagonia. This salt^ which now occurs in commerce, has 
been examined by Ulex(2). It forms crystalline masses, presenting 
two directions of cleavage inclined at an angle of 112^; its specific 
gravity is 1*45 ; it has the composition NII4O, 2 CO^ + HO. 

buipbate of Ammonia. — ^The formula of crystallized sulphate of 
ammonia NH4O, SO3 has been confirmed by Kuhn(3) ; according 
to theory it contains 60*6 percent of sulphuric acid, experiment gave 
59*7 

Double Salts of Gblorlde of Ammonium. — Hautz(4) has investi- 
gated several double salts of chloride of ammonium with metallic 
chlorides of the magnesium series. The magnesium double salt is 
obtained of constant composition only by adding an excess of ammonia 
to a dilute solution of magnesia in hydrochloric acid; the liquid 
deposits large, colourless prisms of the rhombohedral system. The 
nickel double salt is obtained by mixing two parts of hydrochloric 
acid saturated with protoxide of nickel, with one j)art of hydro- 
chloric acid saturated with ammonia, and exposing to slow evapo- 
ration. It affects the same form as the preceding salt. A cobalt- 
salt prepared .in the same manner forms ruby-red crystals belonging 
to the monoclinomctric system. These three double salts are of cor- 
responding composition, namely, NH4CI, 2 Me Cl + 12 HO, in 
which Me = M^, Ni or Co. The magnesium-salt loses 4 HO at 
100”, the rest of its water at 185®. 

In the same manner the double salts with chlorides of mmga- 
nese, zinc, and copper were obtained. They crystallize in theSfeno- 
clinometric system. The manganese-^alt is of a pale-red colour, 
and dissolves in li parts of water at the ordinary temperature; 
the zinc-salt is colourless and almost deliquescent ; the copper- 
salt is blueish- green and soluble in two parts of water. Their com- 
position is represented by the formula NH4CI, 2 Me Cl 4-4 HO, 

(1) Cliem. Gaz. 1848, 99. (3) Aicli. Pharm. [2} L, 284. 

(2) Ann. Ch. Pharm. LXVI, 44. (4) Ann. Ch. Pharm. LXVI, 280. 
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Sito’or in which Me=Mn^ Zn or Cu; the manganese-salt loses at 100^ 
® ammo 8 HO. Prom all these salts the total amount of water is expelled 

alum.’ at 136®. 

The zinc double salt NH 4 CI, Zn Cl + HO, previously prepared^ 
has-been obtained an^ analyzed again by Hautz. 

Nitrate of Ammoiiia. — ^Townsead Harris(l) has examined nitrate 
of ammonia^ which had been crystallized at the ordinary tempera- 
ture or obtained by evaporation of a concentrated solution at 100 ®. 
The salt had in both cases the same composition^ NH 40 ^ NO 5 . The 
crystalline form, however, appeared to be different. 100 parts by 
weight of water dissolve according to his experiments 185 of nitrate 
of ammonia at 10 ®. 

Metals In grenerni. AUoys. — Crookewitt(2) has examined the 
proportions in which metals can combine chemically among themselves. 
By amalgamation and straining through chamois leather, he obtained 
crystalline metallic compounds, which approached nearest to«the for- 
mula Au Hg 4 (spec. grav. 15*412), Bi Hg (10*45), Pb Hg (11*93), 
Cd 2 Hg 5 (12*615). With potassium he obtained two amalgams, 
K Hg 2 o and K Hg 25 , with silver (by bringing mercury in contact 
with a solution of nitrate of silver), according to the quantity of 
mercury employed, Hg^g, AgHgg, Ag Hgg, Ag Hg 4 ; with zinc 
an amalgam, containing 29*4 percent of zinc. He prepared like- 
wise other alloys and determined their specific gravities. 

Cu, Sn^ 7*652 Cuj Zn^ 7*939 Cu, Pbj 10*753 Sn Zn, 7*096 Sn Pb, 9*966 

Cu Sn 8*07A Cu, Zn, 8*224 Cu Pb 10*375 Sn Zn 7*115 Sn Pb 9*394 

CugSn 8*512 Cu, Za 8*392 Sn, Zn 7*235 Sn^ Pb 9*025 

Uydrides of Metals. — Poggendorff(3) has shown that the black 
precipitate, produced under certain circumstances, in* a solution of 
silver at the negative pole of a voltaic battery, is not a combination 
of silver with hydrogen, but merely silver in an exceedingly fine 
state of division. The precipitate obtained from solutions of bismuth, 
antimony or tellurium is likewise' only finely divided metal *. it is 
only,|pom a slightly acid solution of sulphate of protoxide of copper, 
subjUlbd to a current of moderate strength, that a blackish-brown 
hydride of copper is deposi^d at the negative pole, disengaging 
hydrogen after the current is interrupted. 

(1) Compt. Reni XXIV, 816 ; J. Pr. Chem. XLI. 345. 

(2) Specimea chemicum de copjunciiombus chemicis meiaDorum ; AmBielodami 1848 
(also under the title : ** Verhandeing over sebeikundige metaal-verbindingen*’) J. Pr. 
Chem. XLV, 87 (in abstr.) ; Ann. Ch. Phami. LXVIII, 289. 

(3) Pogg. Ann. LXXV, 337 ; J. Pr. Chem. XLV, 65 ; Beri. Acad. Ber., Juni 1848; 
Instit. 1848, 303. 



POTASSIUM, SODIUM, LITHIUM, BARIUM, CALCIUM. SOi 

Potassium. Sulphate of Fotassa.~Pasteur(l) has confirmed 
the fact known previously, that the form of crystals of sulphate sulphate 
of potassa is mostly compound, and that this beWmes manifest by 
their optical comportment. 

Sodium. Chloride of Sodium.*— According to B. Wa gn er (2) alcohol 
of 75® percent by weight, dissolves at 14® 0*661, at 15®*25 0*700, 
at 38® 0*736, at 71®*6 1*033 percent of chloride of sodium; alcohol 
of 95*5 percent dissolves at 16® 0*174, at 77 ®* 2 B 0*171. 

liithium. — Bammelsberg(3) has found by many varie^xperi- 
ments, that sulphate of lithia gives no double salt (lithia-alum) 
with sulphate of alumina, neither does it form any with sulphates 
of magnesia or the protoxides of zinc, copper, nickel, cobalt, 
manganese, or iron. 

Barium. — Berzelius had found for the atomic weight of 
barium, 68*39, Pelouze, at a later period, 68*64. Marignac(4) 
has, like Pelouze, endeavoured to determine it, by ascertaining 
how much silver is precipitated from a soliltion by a known weight 
of chloride of barium ; he obtained the number 68*54. 

Calcium. Lime. — ^Wittstein(5) has found that one part by 
weight of lime is soluble in 729 to 733 of water at the common tem- 
perature, and in 1310 to 1569 of boiling water; likewise that the 
deposit formed on exposure of lime-water to the air is really CaO, 

CO2. 

Sulphate of Lime.— Millon( 6 ) has stated that sulphate of lime 
obtained by precipitation, as likewise ignited and moistAed gypsum 
(CaO, SO 3 + 2 HO), loses three-fourths of its water at 80® to 85®, 

(about 15 percent.), whilst with the native gypsum and that 
artificially crystallized (from hydrochloric acid), this takes place 
only at 105® to 110 ®; the compound 2 (GaO, S 03 )-l-H 0 being 
formefl. The remaining fourth of the water is expelled from gyp- 
sum only at 200 ® to 300®. Pleasy(7), on the other hand, stated 
that native as well as artificially crystallized gypsum, when heated 
in a current of hydrogen to 110® — 116®, give off their whole 
amount of water ; that gypsum heated in the open anr to 
110® — 115®, loses 15 percent, about three-fourths of its water ; and 


(1) Compt. Rend. XXVi; 304 j J. Phano, [3] XIV, 380. 

(2) J. Pr. Chem. XL, 448. 

(3) Berl. Acad. Ber., Nov. 1848, 385. 

(4) Arch. Ph. Nat. VIII, 269 ; Ann. Ch. Phann.,LXVIII, 212. 

(5) Repert. Pharm. [3] 1, 182. 

(6) Ann. Ch. Phys. [3] XIX, ^22 ; J. Pr. Chem. XL, 363 ; PhU. Mag. [3] XXX, 299. 

(7) Compt. Rend. XXIV, 658. 
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of fime? ® pause ensues in the diminution of the water ; 

that at 130® to 140®, however, 2 percent more of water are disen- 
gaged ; that at 200® to 250® the gypsum beeomes anhydrous, and 
that anhydrous gypsum also takes up again its whole amount of 
water of crystallization. Flessy doubted^whether a definite com- 
pound 2 (CaO,S 03 ) 4- HO was formed, as stated by Millon; the 
latter, on the contrary(l), did not believe that Flessy^ s experi- 
ments established a contradiction of his views ; upon which 
Pless;^2) has shown more accurately, that according to his ex- 
periments crystallized gypsum loses water at as low a temperature 
as 95® — 100®, and that at 110® 17 — 19 percent are expelled, 
being therefore more than should escape in the formation of the 
compound 2 (CaO, SO,) 4- HO, assumed by Millon. 

SfaBnesium. — Schecrer(3), by determining the amount of sul- 
phate of baryta obtained by the decomposition of a weighed quantity of 
pure sulphate of magnesia, had found the equivalent of magnesium, as 
an average of six experiments, to be = 20*08. On being reminded by 
Berzelius, that the sulphate of baryta might still have contained 
sulphate of magnesia, he repeated the experiment, and found Ber- 
zelius^ conjecture confirmed. Having made the necessary coi*rectiou 
in his former experiments for this source of error, he now (4) esti- 
Uiates the equivalent of magnesium at 20*11. — Svanberg and Nor- 
denfeldt(5) have determined how much magnesia is obtained from 
a known amount of oxalate of magnesia (MgOj.CgOg + 2 HO), and 
how much sulphate of magnesia from a known weight of magnesia; as 
the mean of several experiments they found the equivalent to be 
20*36 by the first method and 20*37 by the second. 

Mamsesia. — The spec. grav. of anhydrous magnesia has been 
determined by H. Ilose(6}; he found the spec. grav. of a specimen, 
which had been subjected to the heat of a porcelain-furtiacc,*to be 
3*65, closely agreeing with the number (3*76), found by Scacclii 
for periklase (MgO with a little FeO). 

Bulpbate of Blaanesla and dodo. — ]VIiller(7) states, that the crys- 
talline form of sulphate of magnesia and soda is monoclinometric ; 
the crystals examined by him did not admit of a more accurate 
determination. 


(1) Compt. Rend. XXIV, 695. (4) Pogg. Ann. LXX, 407. 

(2) Ibid. 812. (5) J. Pr. Chem. XLV, 473. 

(3) Pogg. Ann. LXIX, 535. 

(6) Ibid. liXXrV, 437 ; J. Pr. Chem. XLIV, 229 ; Berl. Acad. Ber., April, 1848 ; 
Inatit. 1848, 869. 

(7) Chem. Soc. Mem. Ill, 391 ; Phil. Mag. [3] XXXI, 540. 
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Nitrate of ]iiaflrne 8 ia.-^For the preparation of the compound of nitrate 
of magnesia and alcohol, Einbrodt(l) dissolved the nitrate of magnesia 
magnesia, containing 6 equivalents of water, in nearly absolute 
alcohol, and obtained from this solution crystals, which, after the 
lapse of two years, had changed to a yellowish layer of a concentrated 
aqueous solution and tufts of acicular crystals. The latter contained 
an amount of magnesia corresponding to MgO, NO 5 + 6 HO, they 
were, however, of a square prismatic, form, and not deliquescent. 

cerium. — Marignac(2) determined the equivalent of cerium, by 
ascertaining the quantity of chloride of barium necessary for the 
exact decomposition of a known amount of sulphate of protoxide of 
cerium, and found the number 47*26. Beringer had found 46*16, 
Rammelsberg 45*8, Hermann 46*0. 

Marignac makes some other statements with reference to cerium. 

For the preparation of the mixture of ^ oxides of cerium, lanthanium 
and didymium, he recommends to triturate the powdered cerite with 
sulphuric acid to a thick paste, to expose the resulting dry powder 
in an earthen crucible for a lengthened period to a heat just below 
redness, and to introduce the cooled mass very gradually into cold 
water, in which the sulphates of the above oxides dissolve. In sepa- 
rating sesquioxidc of cerium according to Mosander^s method, by 
means of nitric acid, Marignac found it necessary that no sulphuric 
acid should be present. The oxide obtained by ignition of the nitrate 
has approximately % composition 8 CeO, 2 Ocg O 3 ; when heated 
with sulphuric acid it yields a yellow sulphate of proto-s^quioxide of 
cerium, soluble in water, in the presence of excess of sulphuric or of 
nitric acid, to a dark reddish-yellow fluid, from which it may be repre- 
cipitated as a yellow powder by much water ; dried at 100 ^ it has the 
composition 3 CeO, 2 CegOg, 4 SO 3 , 7 HO i on account of its insolu- 
bility it is adapted for the preparafibn of pure combinations of cerium. 
Sulphate of protoxide of cerium crystallizes, by a gradual evaporation 
of its aqueous solution, in rhombic p^amids with edges of 114^ 12 " 
and 111® 10", to which a more acute pyramid with edges of 99® 48' 
and 95® 48' is often seen attached. 

Beryllium. Beryiia. — H. Rose( 8 ) has determined the specific 
gravity of berylla ; after being heated to redness over a spirit-lamp, 
it gave 8*09 to 8*08 ; subjected to the heat of a porcelain-furnace. 


(1) Ann. Ch. Pharm. LXV, 115> J. Pr. Chero. XLVI, 165; Chem. Gaz. 1848, 85. 

(2) Arch. Ph. Nat. VUI, 265 ; Ann. Ch. Pharm. LXVIII, 212. 

(3) Pogg. Ann. LXXIY, 433 ; J. Pr. Chem. XLiy,228 ; Berl. Acad. Ber. April, 1848; 
Instit. 1848, 368. 
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Beryl- 

lium. 

Berylle. 


it had the spec. gray. 3*02 to 8*03. H. Bose prefers Berzeliuses 
opinion respecting the equivalent of berylla^ according to which, 
berylla is expressed by Be^Og, to the view which assumes the com- 
position BeO, because with the former assumption, the specific 
volume of berylla is found to be very nearly equal to that of 
alumina. 

Aiumlnmn. 'Alumina. — H. Bose(l) has likewise determined the 
spec. grav. of alumina. When ignited over a spirit-lamp, it was found 
to be 3*87 to 8*90; when exposed to the heat of a wind-furnace for 
six hoUrsj 8*75 to 8*725 ; when heated in a porcelain-furnace, it, was 
8*999. This agrees with the Apec. grav. of native crystallized 
alumina, which is 4*0, according J;o Schaffgotsch^s later experi- 
ments, both in ruby and sapphire. Corundum gave rather lower 
numbers, 8*90 to 8*97. 

B. Phillip 8(2) Ijas observed that*hydrate of alumina, kept moist 
after precipitation or preserved under water, becomes difficultly 
soluble in acids after a few days. 

Of an investigation by JacquclaiiTon ajum, only the conclusions 
of the .author have as yet been publi8hed(3). ij^serving further 
details dntil we are in |>os8cssion of ^ the complete research, we will 
only mention here, that he believes he has found alum to contain 
only 22 atoms of water. Jacquelain admits sulphate of alumina 
to contain only 16 atoms of water/ . 

Gertiardt(4) defends the formula, ^eneral^ adopted for alum. 
Without regarding Che earlier observations of G eiger, Graham, and 
Hertwig on the action of heat and sulphuric acid on this double 
salt, he ktates that alum, when cfystalUzed, lost -^ths of its water at 
120°, without heirodiing insoluble in this liquid, which it did, how- 
ever^ when exposeil to ; this insoluble (anhydrous) alum could 
bo^l^ewillb prepared Jby the actitih of concentrated sulphuric acid 
with the aid of^hedt on crystallized alum"*; if permitted to remain in 
contact witih.Watw eight or ten ditys, it was reconverted into the 
soluble afqii\« v ^ ^ 

. '' On the non-existence 6f lithia-alum,^' see p. 265. 

8lUetiiiii«>— 7ierre^) has endeavoured to determine the equivalent 

m. 

(1) Pogg. Amu L'XXlVi iSO } pr. Chem. XUV, 226 ; BoL Amd. Ber., April, 

1848; iMtit. 1848. 368. . ' 

(2) Chem. Gab 1848, 349. (3) Compt Rend. XXIV, 441. 

(4) ^. Fhum. [3] XII, 65. 

(5) Compt. Rend. XXyi, 523 ; PML Mag. [3] XXXlll, 162 ; completf, Ann. Ch. 
Phyi. [3] XXIV, 286; Laurent and Gerhardt'i Compt. Rend, dee Trav. Chim. 
1849, 170 (in abatr.). 
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of silicium and the formulse of its compounds ; he expects to arrive at 
the decision of these questions by the study of substitution-products 
of double chlorides^ and of ether- and amidogen-contpoundsi As yet 
only the first part of his investigation has been published. Pierre here 
gives some general statements respecting the action ^ fiydrosulphuric 
acidontheterchloride of silicium (SiCl3); he remarks that the chlorine 
of this compound may be replaced partifilly or c6mpl^tely\.by sulphur; 
in addition to the compound Si S Cl^ (see p. 306 )^ which is* easily 
isolated^ Si 83 Cl might probablj^ ^xist ; Si S3 could be obtained in 
the state of purity (as a residueuf the distillation of crude' sulphobi- 
chloride of silicium^ Si SGlg). Pierre shows that the formute for 
these compounds appear in the ^pst simple form if the expression 
Si CI3 be adopted for terchipride of silicium; (whe^ that of silicic acid 
will become SiOg), that, on the contrary, they become exceedingly 
complicated, if the formula Si Cl and SiO; or Si and Si Os, be 
adopted for chloride of sdicium and silicic aeid.^ " 

According to H. Kopp(l),^the greater probability^ of the formulae 
Si O3 for silica. Si Clj^and Si Brg for chloride and bromide of 
silicium, is supported also by the fact that ;^the two last substances 
present that difference in their' boiling points, which would occur 
between compounds containing three equivalents of bromine in the 
place of chlorine (comp, pi -Tlju .. 

siucic Acid.--l)overi(3) .4as ^^ublished sonm observations on 
silica, in which butri^few new»fp^^are mentioned! He states, thit 
on the addition of an acid to absolution of an alkaline silicate, more 
silica remains dissolved if the acid he added at once, than^if ft be 
poured in gradually, and more pU' employing a (Jildte than a concen- 
trated solution ; that an alkaBne; bicarbonate and ca|bome acid 
precipitate silicic acid frorl ah alpine . in the; gelatiirpiia 
state, and that the same precipifate. is 

other weak acids. This ^latindus precipitate sepms tp dissolve W ^ 
addition of water; this is,' howevc^, pnly^ apparel^fy'the cas^;^^j^ it 
merely becomes transparent, and' may ^ separated from the water by 
filtration. Precisely the same Id obseired with the Jelly of s^cic 
acid, produced by the precipita^op pf ^terfluoride of silicium ^ wth ^ 
water, on treatment with hyd^chlorie aeid^ Silicic acid separated in , 
the presence of water and ixied at the common "temperature, whether 


(1) Ann Ch. Phann. LXVII, 356; J. Phsrin. [3] XV, 226; Laurent and Oer- 
hardt’s Qpmpt. Rend, dea Trsv. Chim. 1849, 173. 

(2) Annl Ch. Phys. [3] XXI, 40 ; J. Pr. Chem. XLII, 194 ; Coiftpt. Rend. XXV, 109 
(in abstr.) ; PhU. Mag. [3] XjCXI; 313 ; Ann. Ch. Phann. LXIV, 256. 
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Mid^ obtained from an alkaline silicate by an acid^ or from terfluoride of 
silicium by water, was found invariably to contain the same quantity of 
water, corresponding to the formula HO, Si O 3 ; at 100 ^ a certain 
quantity of water is lost, the hydrate HO, 2 Si O 3 being fbrme^^ 
Finely powdered silicic acid decomposes alkaline carbonates, on being 
boiled with their solutions, and likewise bicarbonatcs by continued 
ebullition. Doveri decomposed protochloride of copper with silicate 
of potassa; the washed precipitate was treated with hydrochloric 
acid and the filtrate subjected , to a current of hydrosulphuric acid, 
when, on filtering once more, a cl^r solution of silicic acid was 
obtained, which he freed from hydrbsulphuric acid by ebullition. 
This solution gave, with alkalies, a precipitate of gelatinous silicic 
acid; when evaporated in vacuo over lime, stellated needles were 
deposited containing HO, Si O3. 

For the composition and classification of the silicates, the reader is 
referred to our Mineralogical Report. 

Buipho-iilctaiofide of Biiicium. — ^Pierre(ll) states, that on passing 
the vapour of terchloride of silicium yand hydrosulphuric acid, 
together with hydrochloric acid, through u red-hot porcelain tube, a 
liquid is produced isrhich may be puriiied by rekification (the first 
portion of the distillate being terchloride of silicium with a little 
chloride of sulphur). This liquid fames when in contact with the air, 
its odqur calling^ to mind both that of chloride of silicium and 
hydrosulphuric acid ; addition of water to it produces a disengage- 
ment of hydrosulphuric acid and a slight precipitate of sulphur ; its 
spec. grav. is about 1’45 at 15®, its boiling point above 100®. 
It contains Si S Cj 2 < The density of the vapour was found = 
4*78 6*24, 6-28 ; — 6*00 corresponds ^to a condensation into 8 
vokmes. ( If* 8 ^ 

Tifaniuiii.-^The sepa)4tion of a very large quantity of metallic 
titanium (at - leliet . 80 pounds) in an iron-furnace, at Riibeland in 
the Harz, has beeti" described by Blu.menau( 2 ). 

The equivalent of titanium, formerly determined by H. Rose at 
24*3, and by Mosander at 28*7, has been the subject of experi- 
ments by Pierre( 8 )w A weighed quantity of bichloride of titanium 

(1) Compt. Rend. XXIV, 814 ; Ann. Ch. Phnrm. IXIV, 259 ; J. Pr. Chem. XLT, 
842 J more complete Ann. Ch. PhyA [3] XXIV, 286 ; Ann, Ch.Pharm.LXIX, 73; 
J. Pr. Chem. XtVI, 65. 

(2) Ann. Ch. Phann. MVII, 122. 

(3) Aim. Ch. Phye. [3] XX, 257 ; J. Pr. Chem. XLII, 65 ; Ann. Ch. Phwm. LXIV, 
220 (in ab«tr.).' v 
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was dissolved in water, and the amount of chlorine determined Titaaiom. 
according to Oay-Lussac^s method, (by measurement of the 
amount of a standard solution of silver, required for precipitation). 

He obtained varying results, the experiments, made with the first 
portions of a quantity of bichloride of titanium, always giving a 
rather larger amount of chlorine than did the last portions; he 
ascribes this to the decomposing action of the moist air (which had 
penetrated on opening the vessel). He considers 25*2 to be pro- 
bably the most accurate result of his ^periments. 

For the deportment of the acid titanates of the alkalies, we refer to 
our Report on Analytical Chemistry. 

Sesqulcliiortiie of Titanium. — ^The experiments made by Ebel- 
men on titanium, the results of which were published in 1846(1), 
have smce(2) been fully communicated. — ^On passing the vapour of bi- 
chloride of titanium (Ti Clj) with hydrogen through a red-hot tube, 
hydrochloric acid and a new compound (Tig CI3) are formed, the 
latter being deposited in the cooler part of the tube, in the form of 
brilliant broad scales of a dark-violet cc^uir. It is very unstable ; 
when heated to redness on platinum fc^pn the air, it disengages 
Ti CI2J leaving a residue of titanic acid ; the same decomposition 
seems to take place slowly even at common temperatures. It is 
volatile, but less so than Ti Gl^, when exposed to the air it does not 
fume, but deliquesces. It dissolves in water, heat^being disengaged ; 
the violet-red solution becomes gradually colourless on exposure to the 
air, titanic acid being deposited : on evaporation, the solution evolves 
hydrochloric acid, a blue oxychloride remaining. The aqueous solution 
affords, with alkalies, a <hurk-brown precipitate, changing rapidly, 
with disengagement of hydrogen, successively to black,|||ge^ and 
finally to white. The alkaline carbonates produce neariP|jp same 
reaction; carbonic acid being at first ..liberated, and then hydrogen. 
Hydrosulphuric acid produces no effect; hydrosulphate of sulphide of 
ammonium affords a brown precipitate, which appears to be identical 
with that obtained by means of the ^alies, and changing likewise 
into white titanic acid. 

Ti2 CI3 is an energetic reducing agent,. sejMp^g sulphur from 
sulphurous acid, gold, silver and mercury Upllr their salts, and 
suboxide of copper from salts of the protoxide ; it decolourizes 


(1) Instit. 1846, 225. 

(2) AniD^Ch. Phys. [3] XX, 385 ; Ann. Ch. Pham. LXIV, 269 i J. Pr. Chem. XLII, 
70; J.Pharm. [3] XII,437. 

X 2 
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cWw?di’of sotations of the sesquioxide of iron, with formation of the protoxide, 
titanium. When added in a small quantity to water, it induces the solution of 
’ * the violet sesquichloride of chromium. 

ThS quantity of hydrogen evolved in decomposing, by an alkali, 
a known weight of Ti^ CI3 dissolved in water, corresponds to the 
amount calculated upon the assumption that the precipitate decom- 
poses water, to form titanic add. 

The formation of Tij CI3 in the manner described, is generally 
accompanied by the eliminatjpn of metallic titanium, which is 
deposited in a thS^^yer, reflecting the yellow rays, and transmitting 
blue. Small lea^j^rtf a golden-yellow substance are likewise found 
here and there; IS b el men considers them to be probably Ti Cl. 

sesauioxide of Titaniuni. — ^Titanic add, when exposed to a strong 
red heat in a current of dry hydrogen, becomes black, chang- 
ing to Tij O3. This oxide can be reconverted into titanic acid only 
by roasting it at a very high temperature ; nitric and hydrochloric 
adds have no action upon it. Sulphuric acid dissolves it with a 
violet colour; the 8olutiol^ when concentrated tn vacuo over lime, 
yields only minute quantities of crystals and dries up to a nodular 
violet mass ; by boiling, the violet aqueous solution is decolourized, 
with deposition of titanic acid; it exhibits the same reactions as 
Tig Gl3» In the analysis of the dried salt-mass, Ebelmen obtained 
more sulphuric add than corresponds to the formula Ti^ O3 , 3 SO3 ; 
the details are not given. 

Bisulphide of Titanium. — ^Ebelmen found that the action of 
bisulphide of carbon on titanic acid, heated toiKdness, did not 
afford a product of constant compositioif. He obtained a definite 
' substanill^owever, on passing hydrosulphuric acid and the vapour 
of Ti Gl^hrough a tube at a faint red heat ; the interior of the tube 
became ooated with brilliant crystalline laminse of the colour of brass, 
which were altered on exposure to air, with a perceptible evolution 
of hydrosulphuric add; they are dissolved by neither hydrochloric 
nor dilute sulphuric, but almost entirely by nitro-hydrocbloric add. 
When heated, this substance inflames and is transformed into titanic 
add. Its compositjaB is Ti S3, fit the conclusion of the preparation of 
the bisulphide, the retort in which the bichloride of titanium had been 
heated, and into which hydrosulphuric acid had penetrated, was found 
to contain an olive-greenish substance, which assumed a metallic 
lustre by pressure and was likewise 83; the formation of this 
substance consequently commences at a temperature near the boiling 
point of Ti CI3. 
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iimehiuiii. — -HermannCl) has endeavoured to establish by new 
proofs the existence of a peculiar metal, ilmenium, in the so-called 
yttroilmenite of Miask j and H. Rose(2) has given his reasons for 
believing this mineral to be identical with the samarskite investigated 
by him, and the supposed Umenic acid to be, not a peculiar sub- 
stance, but niobic acid, containing more or less impurities. 

Tantalum. Tantaiie Acid. — ^The spec. grav. of tantalic acid has 
been examined by H. Bose(3). The acid obtained from the chloride, 
heated over a spirit-lamp until it exhibited the phenomenon of 
incandescence, had a spec. grav. of 7*03 to 7?^; by strong and 
lengthened ignition, the spec. grav. rose to 7*S^j|md even to 8*26. 
In general, a greater density and a more distinct c^stalline state were 
found to be parallel ; yet remarkable anomalies were exhibited, as f. i. 
a decrease in the spec. grav. of an acid which, once ignited, was 
again exposed to a higher temperature. The above experiments 
were made with an acid prepared from the tantalite of Finland ; the 
acid from yttrotantalite of Ytterby had the spec. grav. 7*48. 

Niobium. Niobic Acid. — H. Rose(4) has likewise determined the 
spec. grav. of niobic acid. This substance, prepared from the 
columbite of Bodenmais, when heated until exhibiting the phenome- 
non of incandescence, had the spec. grav. 4*96 to 5*12; when ignited 
for some hours in a wind-furnace 4*56, and when exposed to the heat 
of a porcelain-furnace for a lengthened period 4*60 ; acid of another 
preparation had under the first circumstances the spec. grav. -5*25 
to 4*76, after the second treatment 4*58, after the third 4*59. 
Acid prepared from the North American columbite showed, under 
the first conditions, the spec. grav. 5*26 to 4*66 ; under the third, 
the constant number 4*60. The acid prepared from the samarskite 
(uranotantalite) of Miask had, in the first case, the spec. grav. 
6*26 to 4*69, in the third 4*63 to 4*69. With a lower spec, grav., it 
had a more distinctly crystalline texture. Rose concludes that 
the acid can be obtained both in the amorphous and crystalline states, 
and that it is denser in the former ; the amorphous acid is stated to 
be produced by the rapid decomposition of the .chloride with water, 
and the crystalline, by gradual action of humid air on the chloride, 
and by the heat of the porcelain-furnace.* 

(1) J. Fr. Clwin. XL, 467 ; lUd. XLII, 129. 

(2) Pogg. Ann. LIQU, 157 i LXXIII, 449. 

(3) Ibid. LXXIV, 285; Berl. Acad. Ber. Marz, 1848 (in abatr.) ; J. Pr. Chem. 
XLIV, 223 ; Ann. Ch. Pharm. LXVIII, 166 ; Inatik 1848, 367. 

(4) Pogg. Ann. LXXIII, 313 ; Ann. Ch. Pharm. LXVIII, 165 (in abatr.) 
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^eiopium. Pelopic Acid. — H. Bose(l)^ finally^ has made experi- 
ments to determine the spec. grav. of pelopic acid. Prepared from 
the columbite of Bodenmais^ by decomposing the chloride, and 
heated over a spirit-lamp until it exhibited the phenomenon of incan- 
descence, it had the spec. grav. 6*98; exposed to a red heat for some 
hours in a wind-furnace 6*37 ; and ignited in a porcelain-furnace 
(when it had become crystalline) 5*79. Acid of a different prepara- 
tion showed, in the first case, 5*95, in the second 6*09. After 
exposure to the heat of a porcelain -furnace, this acid was soluble 
only with difficulty in fused sulphate of potassa. The acid thus 
obtained, had, in the first case, the spec. gray. 6*14, in the second 
6*48, in the third 5*83. Another preparation of acid from the 
chloride gave, in the first case, the number 5*70, in the second 
6*32, in the third 5*79. A fifth specimen obtained by decomposing 
the chloride, immediately after preparation, with water, gave the spec, 
grav. 6*24 in the first instance, 6*42 in the second, and when heated 
for a greater length of time 6*73. Acid formed slowly by ex- 
posure of the chloride to the air, had, on ignition over a spirit-lamp, 
the spec. grav. 6.24; a crystallized speeimen prepared from the 
acichloride 5*49. — Lastly, an acid prepared from the North American 
columbite (by gradual decomposition of the chloride of pelopium 
in the air) had the spec. grav. 6*10, and on ignition in a porcelain- 
furnace 6*17. — ^Rose distinguishes three different modifications of 
pelopic acid. The amorphous modification of the highest spec.^rav., 
and obtained by heating freshly prepared chloride of pdUll^ium 
with water; a crystalline modification, of a less spec. graV., 
formed by slow decomposition of the chloride exposed to the air ; 
and a second crystalline modification of a constant spec, grav., and 
produced by ignition of the acid in a porcelain-furnace. 

Tunisrsten. — Percy(2) has endeavoured in vain to6btain an alloy, 
applicable to technical purposes, of tungsten with any other metal. 

Tnnsstates. — Laurent(3) concludes, from his researches on the 
tungstates, that there are at least five or six different tungstic 
acids. He states that these acids form different salts with am- 
monia which, when heated, yield tungstic acid, possessing different 


(1) Pogg. Ann. LXXIV, 85 ; Ann. Ch. Phann. LXVIII, 165 (in abstr.) ; J. Pr. 
Chem. XLIV, 220 ; Arch. Ph. Nat. VIII, 215. 

(2) Chem. Gaz. 1848, 349. 

(3) Ann. Ch. Phys. [3] XXI^54; J. Pr. Chem. XLII, 116 ; Compt. Rend. XXV, 538 
(iu abstr.) the homotungstates, 1^, Ou, are also mentioned here as a sixth class 
of salts ; J. Phann. [3] XIII, 53. 
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properties^ according to the ammonia-salt employed. Laurent 
distinguishes the following species of s&lts, their composition being 
expressed in the more generally adopted notation. 

1. Tungstates: BO, WO3, with or without water (B representing 
a metal or hydrogen). With these are classed the potassa-, soda-, 
and baryta-salt, and the majority of the insoluble tungstates. 
Acid salts of this species are not known. The solution of a tung- 
state, when added to an excess of dilute nitric acid, produces a 
gelatinous precipitate. The hydrate of this tungstic is formed 
by the action of nitro-hydrochloric acid on tungsten. 

2. Faratungstates : 2 BO, W40i2, with or without water. To 
this class belong the. salts hitherto described as bitungstates of 
potassa, soda, ammonia, baryta, or strontia. They are slightly 
soluble in water, with the exception of the soda-s^t ; when in 
contact ^ith warm water, they are immediately dissolved on addition 
of a very little dilute nitric acid, a portion of the paratungstic acid 
being precipitated. 

3. Metatungstates : BO, W3O9, with or without water. The 
a||iponia-salt of this class is formed when a solution of paratung- 
state of ammonia is boiled for some hours; the solution, when 
filtered after cooling and evaporated to a syrupy consistency, 
yields octohedrons which are very soluble. The solution, of this 
salt is not precipitated by concentrated hydrochloric acid. 

4. Isotungstates : BO, Wj O3, with or without water. The am- 
monia-Mt is prepared by boiling metatungstate of ammonia with 
excess of ammonia. It is slightly soluble in water. The acid, which 
may be separated by the addition of another acid, is chai'acterized 
principally by reproducing the isotungstate with ammonia. 

6. Polytimgstates : perhaps 3 BO, WgOig. If the yellow acid 
obtained from the tungsten (wolfram) of mineralogists, be 'treated 
with ammonia, the solution, when slowly evaporated, at first depo- 
sits paratungstate, and then isotungstate of ammonia ; the mother- 
liquor separates into two layers, of which one is brown and syrupy, 
and dries into an easily soluble crystalline mass, probably a double 
salt of ammonia and iron. It yields with boiling concentrated 
hydrochloric acid a white precipitate of polytungstic acid, which 
is not gelatinous, and does not become yellow by boiling ; poly- 
tungstic acid is characterized by* forming a very soluble salt with 
ammonia, which becomes gummy on evaporation. 

Laurent has communicated formulae for a large number of indi- 
vidual salts belonging to these different passes, without giving, 
however, any data by which a judgm^t could be formed res- 



31? ^ INORGANIC CHEMISTRY. 

PlfHsthig the admissihility . of his formulse. Many are constructed 
according to bis and GerhardVs view^ that fractions of an equi- 
valent may jfndst in combinations^ i. e. that one equivalent of a 
proximate constituent . may be represented by varying quantities 
of different (and not even isomorpbous) metals, and of hydrogen; 
c,^. by ^K; T^Na, Vr H ; R view which we cannot allow 

to have Wn established. The communication of the formulse, 
adduced for the individual salts may consequently be delayed 
until the publication of the andytical details. 

Timvfltatfe of Ammonia. — >Kerndt(l)has examined the crystalline 
form of ^ngstate of ammonia, NH4 O, 2 WO3 + HO. In a treatise 
on the crystalline form, and the composition of the compounds of 
tungsten, of which only the examination of the mineral tungsten 
(wolfram) has as yet appeared(2), he propounds the opinion, that 
tungstic acid contains 2 equivalents of oxygen to 1 equivalent of metal, 
without, however, assigning any reasons. 

Moijrbdenum. — Svanberg and Struve(3) have published exten- 
sive researches on the equivalent of molybdenum, and on the com- 
pounds of this metal. They found the former to be =s 45‘96,.j|)y 
determining "^thc quantity of carbonic acid expelled on fusing, a 
weighed quantity of molybdic acid with an excess of alkaline cai^- 
nate ; the number 46*06 was obtained by pertaining how^v^iituch 
molybdic acid is formed when a known weight of sulphide qf molyb- 
denum is roasted. ^ /r 

Molybdates. — ^After stating the manner in whiclb^jt^by .prepared 
pure molybdic acid, the authors proceed to describe ati^Miher of its 
Belts.— Molybelate of potaeea 2 (KO, Mo03)-|- HO (when: dried over 
sulphuric acid), is obtained by treating an ammonia-salt with an 
excess of carbonate of potassa, evaporating at a gentle heat to a 
syrupy consistency, and exposing the mass to a low temperq^uae; 
the same compound separates as an oily mass on iqplflfon of an 
alcoholic solution of caustic potassa with trimolybdate of potassa. It 
crystallizes in four-sided prisms, ^jvbiih are easily soluble in water, 
ddiquesce slowly, and attract carbonic acid on exposure to the air; 
on heating, this salt falls to powder, water being evolved ; it fuses 
by the strongest heat of a spirit-lamp and solidifies , on cooling into a 
crystalline mass, which crumbles when perfectly cold to a white 


(1) J. Pr. Chem. XLI, 190. (2) Ibid. XHI, 81. 

(3) From the Memoirs of the Stockholm Academy for 1848, in J. Pr. Chem. 
XLIV, 257 ; Phil. Mag. [3] ^^XllI, 409, "^524; in part, Instit. 1849, 21 ; Ann. Ch. 
Pharm. LXVIII, 209, 293. 
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powder. — Bimob/biafe of potoisa coald^iiot^be obtained. A double 
salt^ with trimolybdate of potass8> 8(KO; ISMd03) 4^(KOj 8M0O3) 
+ 6 HO or 8(KO, Mo03) + 6 (KO, 8MoO^ +12 HO, cry^^ 
from a solution of molybdic acid in carbonate of potas&la, ^hen 
concentrated nitric or hydrochloric acid i^ added carefully until 
the precipitate at first produced ceases to be perfectly dissolved; the 
salt is decomposed by water into the difficultly soluble trimolybdate 
and molybdate of potassa. — ^THmolybdate of potassk^ KO^ 3 M0C3 
+ 8 HO, is most easily obtained in the manner just described; when 
gradually separated, it appears in the form of needles, with^ a beautiful 
silky lustre ; when rapidly deposited, it is obtained as a voluminous 
white precipitate. This salt is nearly insoluble in cold, but very 
soluble in boiling water, from which it separates only very slowly 
on cooling. O4 ignition, it loses its water of crystallization, and 
becomes very difficultly soluble even in boiling water ; it is converted, 
when ignited in hydrogen, into the neutral salt, with formation of 
2 M0O3 or MoO, M0O3. — By the addition of nitric acid in excess, to 
a solution of molybdic acid in carbonate' of potassa, sometimes the 
quadrimolybdate^ sometimes the quinquimolybdate of ptjfassa is pre- 
cipitated as a white powder ; both are anhydrous, insoluble in water, 
easily fusible, and solidify on cooling with crystalline texture. The 
existence of several other potassa-salts was traced; they were not, 
however, more minutely examined. 

Molybdate of soda, prepared by fusing together M0O3 
NaO, GO3 in the proper proportions, is a white crystalline mass, 
easily agd completely soluble in water, from which it crystallizes, as 
NaO, M0O3+2 HO, in sMU rhombohedrons, which easily fuse with 
elimination of YroX/et.~Bvmolybdate, prepared by the same method 
as the preceding salt, is obtained as a white crystalline mass, which, 
stirred with water, separates into acicular crystals, difficultly soluble 
in cold, and slowly in hot water; from the solution NaO, 2 MoQg 
+ HO crystallizes with difficulty. — Trimolybdate of soda separates 
after some time as a voluminous p^cipitate on the careful addition of 
concentrated nitric acid to a strong solution of molybdic acid in 
carbonate of soda ; it is more soluble than the corresponding potassa- 
salt, and crystallizes as NaO, 8 MoOg +7 HO. — ^When heated in 
hy^ogen, it exhibits the same deportment as the corresponding 
potassa-salt. — ^An excess of nitric acid added to a solution of molyb- 
date of soda separates nothing in the cold; on ebullttion, however, 
molybdic acid is immediately separated. 

Molybdate of ammoma is obtained by ^ treatment of an excess 
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molybdic acid with a concentrated solution of ammonia in a closed 
bottle, precipitation by alcohol and dessication over caustic lime ; it 
forms microscopic four-sided prisms of the composition NH^O, 
M0O3; water converts it into an acid ^i,--Simolybdate of ammonia 
separates as a white crystalline powder, NH4O, 2 M0O3, when a 
solution of molybdic acid in ammonia, (the latter being present in 
excess), is rapidly evaporated. — ^From a solution of molyb^c acid in 
ammonia, a combination of bimolybdate and trimolybdate of am- 
monia NH4O, 2 M0O8+NH4O, 8 M0O3+8 HO crystallizes out in 
six-sided prisms. Other salts were formed by the action of nitric acid 
on a ‘ solution of molybdic acid in ammonia ; they were not, how- 
ever, investigated any further by the authors. 

The baryta-salts are .obtained by the decomposition of the potassa- 
or soda-salts with chloride of barium ; it is, however, difficult to free 
them completely from an admixture of the alkaline salts. Molybdate 
of baryta, BaO, M0O3 is precipitated as a fine crystalline powder, 
on the addition of a solution of chloride of barium t9 a solution of 
molybdic acid in excess of ammonia ; it is difficultly soluble in water, 
and infusible. — Svanberg and Struve doubt the existence of the 
basic baryta-salt described by Heine(l). — ^BaO, 8 M0O3 + 8 HO 
is formed by the decomposition of the corresponding potassa-salt, as 
a white flocculent precipitate, somewhat soluble in water, and becoming 
homy after dessication ; it fuses and solidifies on cooling with crys- 
talline structure ; BaO, 2 M0O3 -f BaO, 8 M0O3 + 6 HO ]j|p- 
pared by the decomposition of the corresponding ammonia-salt, is a 
flocculent, amorphous precipitate, tolerably soluble in wgter and 
fusible. By treatment of the molybdate of baryta with dilute nitric 
acid, the nonomolybdate BaO, 9 MoOjH - 4 HO is obtained ; it crys- 
tallizes in small six-sided prisms, insoluble in water, and fusible. 

A solution of trimolybdate of potassa gives with nitrate of pro- 
toxide of lead a white powder, molybdate of protomde of ad y 
PbO, M0O3, fusible only at a high temperature. The oxide appears 
to enter into combination with m9lybdic acid in one prqmrtion only. 

Molybdate of protowide^ of ai/t;er, AgO, M0O3, is obtained as a 
flocculent yellow precipitate, by the addition of nitrate of protoxide 
of silver to a solution of molybdate, of potassa; it blackens on 
exposure to the air, and is slightly soluble in pure water, but easily 
so in water containing nitric acid. Trimolybdate of potassa gives, 


(1) J. Pr. Chem. IX, 204. 
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with nitrate of protoxide of silver^ a flocctilent yellowish-white pre- 
cipitate, perhaps AgO, 3 M0O3 + ^gO, 2 M0O3. 

Deportment of Dolylidlc Acid wttli FHog^||ortc Acid.— Svanberg 
and Struve have made voluminous commun|Ptions on the phenomena 
exhibited by molybdic acid, when under the tt^ence of phosphoric acid, 
without however bringing this subject so far towards a condosion, 
as to allow of a brief and yet complete abstract being given. 
Molybdic acid, when coloured yellow by the action of phosphoric 
acid, dissolves easily in ammonia; on addition of acids to this 
solution, an amorphous lemon-pllow precipitate is produced, which 
is insoluble in watSlNand acids; the same compound may be obtained 
by dissolving molybdic acid in an excess of ammonia, mixing with 
phosphate of soda, applying heat and adding sulphuric, hydro- 
chloric or nitric acid. The yellow precipitate is, according to Svan- 
berg and^truve, quinquimolybdate of ammonia, NH4O, 6 M0O3 
+ HO, coii^ining, however, some phosphoric acid. If the ammonia 
be expelled by warming with potassa, a colourless solution is pro- 
duced, in which acids produce a crystalline yellow precipitate of 
quinquimolybdate of potassa, KO, 5 M0O3 4* 2 HO. The solution 
of the yellow ammonia-salt in an ammonical liquid gives, with 
chloride of barium, a white molybdate of baryta, the precipitate 
becoming yellow, however, on the. addition of acid. It has not been 
accurately ascertained on what depend the altered reactions exhibited 
by molybdic acid in the presence of phosphoric add. 

sesqnlqxlde of DoiyBdenum. — ^According to Kobell(l) molybdic 
acid, ^hen dissolved in an excess of acid, is deprived of half its 
oxygen by copper, a sesquio^dde M02O3 remaining in solution instead, 
as was hitherto believed, of a binoxide of molybdenum M0O2, the 
existence of which, is doubted by Kobe 11. 

Vanadium. — Vanadium has been discovered by Deck( 2 ) in the 
iron slag of Staffordshire. 

With regard to pervanadic acid, see perchromic acid. 

Chromium. — Some new exper^ents have been made by 
Moberg( 3 ) upon the atomic weight of chromium, which had been 
determined by Berzelius at 28 * 1 , by Peligot at from 26*0 to 
26 - 4 , and by Berlin at 26 * 8 . In determining the quantity of ses- 
quioxide of chromium which remained after igniting the sulphate, he 
found the numbers 26*6 to 26 * 8 , according as the salt employed 
had been heated to 330 ^, or to a dull redness. In an experiment 


(1) J. Pr. Chem. XLI, 158. (2) Chem. Gaz. 1848, 298. 

(3) J. Pr. Chem. XLllI, 114 ; J. Pharm. [3] XIV, 76. 
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inducted in a similar manner with sulphate of sesquioxide of 
chromium and ammonia^ he found from 26*7 to 26*9. — ^According to 
Jacquelain's(l) statement the equivalent of chromium is only 25. 

Protoxide and Protdmlorlde of Chromium. — ^According to Mo- 
berg( 2 )^ protochloride of chromium^ when dissolved in water^ 
decomposed by potassa^ and the precipitate washed and dried^ 
(oxygen being’ perfectly excluded), yields a dark-brown hydrate of 
protoxide of chromium CrO + HO, which, when ignited in hydrogen, 
is converted into sesquioxide of chromium, the water of hydration 
being decomposed. He has confirmed the composition Cr Cl of 
protochloride of chromium by a new analysiB(3); and has examined 
the action of several salts upon a solution of this chloride(4) ; we will 
mention here only, that with acetate of soda, a red liquid is obtained, 
from which acetate of protoxide of chromium CrO, C 4 H 3 O 3 + HO 
(as P^ligot had already found) is deposited in oblique rhombic 
columns; with succinate of soda, a precipitate is formed which is 
scarlet when moist, becoming lighter and partially blueish-grey when 
dried m vacuo; its composition is GrO, C 4 H 2 O 3 + HO; with 
benzoate of potassa, a bright reddish-grey precipitate is obtained, 
which, when dried, has the composition CrO, C, 4 Hb 03 , and when 
exposed to the air changes colour in a similar manner. Moberg( 5 ) 
has farther communicated his views respecting the possible existence 
of protoxide of chromium in nature, namely, in chrome-iron, and 
especially in pyrope. 

Sesquioxide of Giiromiam. — According to Freray( 6 ) hydrate of 
sesquioxide of chromium, precipitated in the cold from one* of its 
salts, and dried at the ordinary temperature in a current of air, has 
the formula Cr 2 O 3 + 9 HO (experifiient gave 51*6 ; theory requires 
51*4 percent of water). Its green alkaline solution, when boiled, 
gives a precipitate of hydrated sesquioxide of chromium Gr^ O 3 
+ 8 HO, which is soluble in alkalies (experiment 49*3, calculation 
48*4 percent of water). 

According to Lefort(7) the salts of sesquioxide of chromium 
produce with the carbonates, and bicarbonates of the alkalies, either 
a hydrate of peculiar composition, or a compound Cr^ O 3 , CO 2+4 HO; 


(1) Compt. Rend. XXIY, 679 ; J. Pr. Cbem.'XLI, 348. 

(2) J. Pr. Chem; XLIII, 125 ; Ann. Ch. Pharm. LXVIll, 303. 

(3) Ibid. XLIV, 322 ; Ann. Cb. Pbarin. LXVIII, 304. 

(4) Ibid. 327 : Ann. Ch. Phann. LXVIll, 305. 

(5) J. Pr. Chem. XLIII. 119. 

(6) Ann, Cb. Pbys. [3] XXIII, 388 5 J. Pr. Chem. XLV, 196. 

(7) Compt. Rend. XXVIl, 269 ; h Pharm. [3] XV, 24, (entire). 
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the former is obtained by employing the green modification of sulphate 
of sesquioxide of chromium^ the lattef by using the blue. The 
carbonate loses 3 HO between 75 ^ and 150^; the carbonic acid and 
last atom of water are not expelled below 800®. 

Traube(l) contests^ that sesquioxide of chromiumi which has been 
heated to redness^ is actually soluble in hot concentrated sulphuric 
acid. According to his experimentSj the insoluble red sulphate of 
sesquioxide of chromium^ which is obtained by heating a solution 
of hydrated sesquioxide v£ chromium in dilute sulphuric acid^ and 
adding concentrate sulphuric acid^ consists of 2 (Cr^ 63 ^ 8 SO3) 
-f HO, SO3 (Schi^mer had given the formula Cra O3, 8 SO3). The 
same salt is formm^ihe final product of the action of concentrated 
sulphuric acid at a high temperature upon bichromate of potassa^ 
and chromc-alum ; its formation in this case, however, is preceded 
by bodies containing sulphate ^of potassa. This salt, when heated in 
an atmosphere of hydrosulphuric acid, is converted into sesquisul- 
phide of chromium ; in hydrog-cn gas, into a mixture of Cr^ O 3 
and CrJSi^jin variable proportions. Experiments made to obtain 
corresponding compounds of sesquioxide of iron and alumina were 
unsuccessful. 

For preparing the blue crystallized modification of the sulphate 
of sesquioxide of chromium^ Traube(2) recommends the*gradual 
addition of spirit of wine, drop by drop, to a solution of chromic 
acid in dilute sulphuric acid ; or the exposure of the solution to the 
vapour of ether. 

Sulphate of Sesquioxide of Gbromlum and Potassa. — Of an in- 
vestigation of chrome-alunr,: by J acquelain( 8 ), the conclusions only 
. have as yet been published, we therefore confine ourselves to men- 
tioning that, according to his- statements, chrome-alum contains only 
22 atoms of water. 

Chromate of Sesquioxide of Chromium.— According to Traube(4), 
dry chromic acid is not affected by sulphurous acid at 100 ®; at 
180®, however, it is reduced to the state of chromate of sesqui- 
oxide of chromium.' — Cr^ O 3 , 8 Cr 03 is obtained as a black mass, by 
heating chromic acid; by treatment with water its composition 
is not altered; on ebullition, however, it is changed from the 
insoluble to the soluble modification. Aqueous chromic acid is 
converted by alcohol into a chromate of sesquioxide of chromium, 
8 CraOg, 2 CrOj. 


(1) Ann. Ch. Pharm. LXVI, 87. (3) Compt Bend. XXIV, 439. 

(2) Ibid. liXVI, 168. (4) Ann. Ch. Phann. LXVl, 103, 106, 108. 



318 


INORGANIC CHEMISTRY. 


sesquleiiioHde of Giiroiiiiiiiii.«>-According to the statements of 
Jacquelain(l)^ the unwashed violet chloride of chromium consists 
of a mixture of Cr 2 CI 3 and CrCl; he also gives ^ some observations 
upon the solubility of the sesquichloride of chromium at various 
temperatures^ both in open and closed vessels. — Moberg(2) obtained 
from the aqueous solution of sesquichloride of chromium the com- 
pound Cr^ CI3+ 12 HO^ already investigated by F^ligot ; the crystals 
however^ were not granular^ but needle-shaped. 

CbromiG Acid. — For the preparation of chromic acid^ Traube(3) 
recommends to heat gently 1 part of bichromate of potassa^ with 
8 ^ parts of sulphuric acid^ and 2 ^ parts water^ and to decant from 
the sulphate of potassa deposited on coolings when on farther 
addition of 4 parts of sulphuric acid^ chromic acid will commence 
to separate. The liquid is heated, and water added until the 
crystids are dissolved, the solution is now evaporated until a pellicle 
forms upon the surface, and allowed to crystallize. The acid, dried 
on a porous tile, may be purified by careful fusion in an air- 
bath, when the chromate of potassa and sulphuric acid produce an 
insoluble compound of sesquioxide of chromium ; or, by dissolving 
in water, adding sulphuric acid until a precipitate begins to appear, 
evaporating and slowly crystallizing. 

Giiroinates. — For the preparation of chromates, Jacquelain(4) 
recommends to start from the lime-salt ; chrome-iron is heated with 
common chalk, the mass being frequently stirred ; the finely divided 
product is suspended in hot water, acidulated with sulphuric acid, and 
freed from sesquioxide of iron by chalk: the solution contains 
bichromate of lime, and a minute quantity only of sulphate. 

Darby(5) has found that bichromate of ammonia cannot be 
regarded as a compound of oxide of ammonium, its composition 
being NH3, 2 Cr 03 . For the neutral sflt, he has confirmed the 
recognized formula NH4O, Cr 03 . By mixing solutions of eqU^l 
equivalents of bichromate of ammonia and chloride of mercury, large, 
deep-red, readily soluble crystals are obtained, of the composition 
NH3, 2 CrOg + HgCl. The double salt, already analysed by Mill on, 
KO, 2 Cr 03 -f HgCl*is obtained in a similar manner in the form 
of magnificent red spear-like crystals. 

(1) Coupt. Rend. XXIV, 679 ; J. Pr. Chem. XU, 348 ; Ann. Ch. Phartn. LXIV, 275, 
(in abttr). 

(2) J. Pr. Chem. XLIV, 325. (3) Ann. Ch. Pharm. LXVI, 165. 

(4) Compt. Rend. XXIV, 504; Ann. Ch. Phys. [3] XXI, 478, (in detail); J. Pr. 
Chem. XLllI, 202. 

(5) Chem. Soc. Qu. J. I, 20 ; Ann. Ch. Pharm. LXV, 204; J. Pharm. [3] XIII, 369. 
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Darby founds like Millon^ the brick-^red precipitate which is 
produced on addition of protochlo^ide of mercury to neutral 
chromate of potassa to be SHgO^ CrOg by evaporating the solution^ 
filtered from this precipitate^ small reddish crystals are obtained 
of the formula KO, Cr 03 + 2 HgCl readily dissolving in water to' 
a yellow solution. This compound is likewise obtained by m&ing 
both constituents in proper proportions^ sufficient hydrochloric 
being added to dissolve the precipitate which is formed.. The for* 
mula 2 (KO, CrOg) + 3 HgCy, assigned by Bammelsberg to the 
double salt, obtained from a solution of equal equivalents of these 
bodies, in bright-yellow large leafy crystals, has been confirmed by 
Darby. If a solution of this salt be completely precipitated by 
nitrate of silver, and heated nearly to ebullition with sufficient 
nitric acid to redissolve the precipitate, a splended needle-formed 
double salt is obtained on cooling, of the composition AgO, 2 Gr 03 
-f HgCy. — Chromate of suboxide of mercury (HggO, CrOg), is 
obtained in the form of a crystalline bright brick-red powder, by 
boiling the precipitate 4Hg20, 3 CrOg, produced by chromate of 
potassa and nitrate of suboxide of mercury ; a chromate of the 
suboxide is likewise obtained by mixing 2 (KO, CrOg) + 3 HgCy 
with nitrate of protoxide of mercury, and boiling the resulting 
precipitate with a small quantity of nitric acid until dissolved^ 
when on cooling Hg^O, CrOg is precipitated as a beautiful brilliant- 
red crystalline powder. 

Percbromic Acid. — ^Barreswill(l) has given a more minute de- 
scription of his experiments, communicated(2)« at an earlier period, 
upon the existence of perchromic acid, which is obtained by mixing 
chromic acid with dilute binoxide of hydrogen, (or bichromate of 
potassa with a dilute, but very acid solution of binoxide of barium 
in hydrochloric acid), when a liquid is formed of a blue colour, 
which is removed from the aqueous solution by ether. Both the 
aqueous and the etherial solutions are rapidly decomposed with evo- 
lution of oxygen, no chromic acid, but sesquioxide of chromium 
being formed. He obtained combinations with quinine and stry- 
chnine only ; but even , these compounds, which are of a dirty- 
violet colour, are rapidly decomposed. From the amount of oxygen 
disengaged by a weighed quantity of bichromate of potassa, after 
conversion into the • blue compound, (which, by treatment with 


(1) Ann. Ch. Phys. [3] XX, 364 ; J; Pr. Chem. XLI, 393 ; Ann. Ch. Phann. LXIV, 
275, (in abstr.) 

(2) Inst. 1846,320.- 
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hydrocliloric acid is changed into Cr^Cy^ Barreswil assigns 
the formula Gr^ O 7 to the oxide of chromium generated under 
the adduced circumstances. 

Yanadiate of ammonia gives in the same manner a blood-red 
colour^ which is somewhat more stable* 

WaniuBi. — ^F€ligot(l) has published a more detailed account 
of his experiments (communicated in 1846) (2), on the equivalent 
of uraniuin : he has founds on burning the o:^alate ^f sesquioxide 
of uranium^ ^and comparing the carbonic acid produced with the 
remaining green proto-sesquioxidei that the equivalent approached the 
more closely the number 60^ the purer the salt that he employed ; 
he bdieves to have confirmed this number^ by some new analyses 
of the acetate of the sesquioxide. Berzelius(3) has pointed out some 
particularities in^ Feligot^s statements which lead to results con- 
tradictory to the views of this chemist respecting the true equivalent 
of uranium. 

Pliospliate and A/senlate of iesqnloxlde of Vranlnm. — Werther(4) 
has investigated the compounds of sesquioxide of uranium with phos- 
phoric and arsenic acids; both acids combine with one^ two^ and^ 
perhaps^ also three equivalents of the base. — Sesquioxide of uranium^ 
when treated with phosphoric acid, forms a bright yellow mass^ 
which partially dissolves on boiling; the yellow solution^ when 
evaporated over sulphuric acid, yields lemon-yellow crystals U 2 O 3 , 
BO 5 + 6 HO, which, on gently heating, become of a dull, and, 
subsequently, of a bright yellow colour; the last equivalent of 
water is evolved only at a red heat. The crystallized salt is decom- 
posed by water, phosphoric acid and a small quantity of sesqui- 
oxide of uranium being separated, and a polybasic salt remaining 
behind. — Sesquioxide of uranium, when treated with dilute phos- 
phoric acid, and, washed, forms an uncrystallizable bright-yellow 
powder 2 UjOg, POg + 4 HO, which is insoluble in water and 
acetic acid, but soluble in mineral acids and in excess of carbonate 
of ammonia; at a temperature betw^ 120 ^ and 170^ it loses 
three equivalents of water, the fourth equivalent being driven off 
only at a mudi higher temperature* When exposed to a red 
heat it becomes of a dark y^ow ; but m. cooling again assumes 


(1) Ann. Ch. Phys. [3] XX, 329 ; J. Pr. Chem. XLI, 398. 

(2) Compt. Rend. XXII, 487 ; J. Pr. Chem. XXXVIII, 152. 

(3) Jahresberioht, XXVIl, 89. 

(4) Phfl. Meg.* [3] XXXIII, 244, 246; J. Pr. Chem. XLIII, 321 ; Berl. Acad. Ber. 
May, 1848, (in abitr.); Ann. Ch. Phann. LXVIII, 312; Instit. 1848, 393; J. Pharm. 
[3] XIV, 57. 
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its bright appearance. Phosphoric acid^ when added to acetate of 
sesquioxide uranium, produces a pjrecipitate of somewj^ iiteda rker colour 
than the preceding, exhibiting the same deportment ^ red heat ; 

when dried in the air, its composition is representelH^che formula 
2 Ug O 3 , PO 5 + 9 HO, dried at 60® by 2 U 3 O 3 , ^<^5 + 7 HO; 
this formula likewise represents the precipitate produced by the 
treatment of nitrate of sesquioxide of uranium with NaO, 3 HO, 
PO 5 , or, with the fluid remaining after the incomplete ^decomposition 
of 3 NaO, POg by nitrate of sesquioxide of uranium.— Nitrate of the 
sesquioxide of uranium produces with hn excess of 3 Nab, PO 5 
(too great an excess almost entirely dissolves the precipitate which 
is formed) a dark-yellow precipitate, insoluble in water and con- 
taining 5 U 2 O 3 and 1 NaO to 2 POg, wh^h is probably a mixture ; 
the same view is entertained by Werther respectihg the residue left 
on treating the precipitate in question with so large a quantity 
of 3 NaO, POg that the precipitate is partially redissolved. 

The salt U 3 O 3 , AsOg -f 5 HO deposits in small yellow crystals, 
when pure nitrate or ^etate of sesquioxide of uranium is boiled 
with excess of a solution of arsenic acid, and the fluid evapo- 
rated over sulphuric acid; like the preceding phosphate it is 
decomposed by water, it is soluble (as also are the following 
compounds) in mineral acids and in carbonate of ammonia, but hot 
in acetic acid. At a temperature of 150®, it loses three equivalents 
of water, and at a strong heat it decomposes into arsenious acid, 
oxygen, and a polybasic salt. — ^The yellow ■ precipitate, obtained by 
the action of arsenic acid upon acetate of sesquioxide of uranium, or 
of water upon a mixture of arsenic acid and nitrate of sesqui- 
oxide of uranium, which has been boiled to drive off the excess of 
nitric acid, is, when dried over sulphuric acid, 2 U 2 O 3 , AsOg -4- 
9 HO, and loses at 120® eight equivalents of water. The precipitate 
produced by arseniate of potassa in the nitrate of the sesquioxide, 
probably also contains 2 Ua 03 to 1 AsOg, but a different amount of 
vrater, and a variable quantity of potassa. The pale-yellow pre- 
cipitate produced on addition of 3 NaO, AsOg to nitrate of sesqui- 
oxide of uranium was found to contain NaO, 2 Ug O3, AsOg + 6 HO. 
— ^According to a more recent communication of Werther(l) 
2 U2 O3, AsOg + 9 HO = 2U2O3, HO, AsOg + 8 HO, when 

boiled with basic acetate of protoxide of copper, yielded a greenish 
salt of the formula 2 U 2 O3, CuO, AsOg -h 8 HO. 


(1) J. Pr. Chem, XLIV, 127. 
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M>9ia- ■ ancaiiese' carbonate .of ProtoxMe of., Vaasanese.— The pre> 
Catenate cipitate produced, both in cold and hot solutions of protoxide of 
manganeseij^ carbonates or bicarbonates of the alkalies, is, ac- 
“mT cording to<^^ort(l), MnO, CO^ + HO. At about 90® it loses 
part of its water; the entire quantity may be expelled without in 
any degree impairing the white colour of the precipitate. 

Salts of sesqnioxlde of Mansanese* — ^In addition to the phosphate 
of sesquioxide of manganese (seep. 214) Herrmann(2) has studied 
several other dalts of the sesquioxide, but without obtaining any 
satisfactory results. Tartaric, oxalic, and malic acids produce by their 
action upon the sesquioxide, carbonic acid and salts of the protoxide. 

Permanaaniis Acid. — Some reactions of permanganic acids have 
been described by Sch6nbein(3), with the view of more distinctly 
exhibiting the analogy between this body, binoxide of hydrogen and 
ozone ; with regard to his experiments upon the formation of this 
acid, the reader }& referred to pages 204 and 205. 

Arsenic. — ^As to the researches which have proved a considerable 
distribution of arsenic upon the earth^s surface, we refer to our 
Report of the analyses of mineral waters. 

Schonbein(4) advances the opinion, that the production of the 
garlic odour from arsenic does not depend upon the formation of a sub- 
oxide, but rather of a peculiar modification of arsenious acid 
which is afterwards converted into ordinary arsenious acid 2 AbOH^* 

H. Becker(5) has performed experiments upon the precipitation 
of arsenic by means of hydrosulphuric acid. According to his 
observations, arsenic in solution, whether in the form of arsenious, 
or arsenic acid, is not entirely precipitated, either by hydrosulphuric 
acid, or by the alkaline sulphides ; the quantity, however, of arsenic 
remaining dissolved is in most cases (except in legal inquiries) quite 
immaterial, if the liquid, saturated with hydrosulphuric acid, be 
allowed to stand some time at a gentle heat in well-closed vessels, 
(six or eight days). Becker recommends to saturate from time to 
time with hydrosulphuric acid, lest a small quantity of sulphide of 
arsenic be re-dissolved in the acid liquid, and to filter off the preci* 
pitate before expelling the hydrosulphuric acid. 

Arsenious Aeld. — Some farther statements have been communicated 
by Fasteur(6), upon the isodimorphism of arsenious acid and 


(1) Compt. Rend. XXVII, 268 5 J. Phann. [3] XV, 18 (complete). 

(2) Pogg. Ann. LXXIV, 303. (4) Pogg. Ann. LXXV, 377. 

(3) J. Pr. Chem. XLI, 228. (5) Arch. Pharm. [2] LVI, 287. 

(6) Chem. Gaz. 1848, 308 ; J. Pharm. [3] XIV, 399. 
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teroxide of antimony, discovei^d by Wohler. Potassi, when satu- 
rated with arsenious acid at the boiling temperature, gradually 
deposits this acid in right rhombic mystals, which is the form of 
native teroxide of antimony. Teroxide of antimony may be obtained 
in regular forms, by digesting freshly precipitated arid washed 
algaroth-powder, for several days, with excess of carbonate of soda ; 
under the microscope, it presents the appearance of octohedrons 
or cubo-octohedrons, which are not to be distinguished from the 
ordinary form of arsenious acid. 

Bussy(l) has contributed some new observations to the numerous 
contradictory statements regarding the solubility of arsenious acid. 
The glacial is said to, dissolve more rapidly and freely in water 
than the opaque variety ; the same quantity of water which dissolved 
from 86 to 38 parts of the former/^at 12 ® to 18®, was not capable of 
taking up more than from 12 to 14 parts of the latter ; in the 
strictest sense of the term, neither of the two modifications of 
this acid exhibited a peculiar solubility. (Of what value, then, 
are these statements respecting solubility ?) The opaque variety of 
acid, when continuously boiled with water, was converted into the 
glacial; i. e., it acquired the solubility of the latter, 110 grm. of 
acid dissolving in one litre of fluid. The continued influence of water 
and low temperature converted the glacial into the opaque variety, 
£, e., the strength of the solution diminished until the quantity, 
remaining dissolved, corresponded to the opaque variety. That 
both modifications of acid may exist in solution, explained the 
anomaly which had been observed regarding the solubility of this 
substance. Fine division increased the solubility of the opaque, and 
diminished that of the glacial acid. The acid which had been ren- 
dered opaque by ammonia, and that which had been crystallized from 
water, exhibited the same deportment with water. The opaque variety 
dissolved more slowly in dilute hydrochloric acid than the glacial 
modification. Both kinds exhibited the same deportment with 
litmus. 

Arsenites. — Pasteur(2) and Filhol( 8 ) have published researches 
upon the salts of arsenious acid. According to Pasteur, solution 
of potassa, when mixed in the cold with excess of ASO 3 , gives rise to 
a slight evolution of heat, an oily non-crystallizable fluid being pro- 


(1) Phil. Mag. [3] XXXI, 151 ; Compt. Rend. XXIV, 774; Repert. Pharm. [2] 
XLVIII, 301; Ann. Ch. Pharm. LXIV, 286; J. Pr. Chem. XU, 340 ; J. Pharm. [3] 
XII, 321 (most complete). 

(2) Cheih. Gaz. 1848, 309 ; J. Pharm. [3] XIII, 395 ; Ann. Ch. Pharm. LXVin,,308. 

(3) J. Pharm. [3] XIV, 331 ; Ann. Ch. Pharm. LXVIIl, 308. 
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duccd^ which^ when diluted and mixed with nitrate of silver^ yields a 
yellow precipitate^ the supernatant fluid presenting an acid reaction. 
This oily fluids when mixed with alcohol^ jdeposits^ after one or two 
days, rectangular prisms of the composition KO, 2ASO3+2 HO ; at 
100 ^ it loses 1 equivalent of water. This salt, when boiled for several 
hours with carbonate of potassa, yields a syrupy body KO, AsOg, 
which is very slightly soluble in alcohol; mixed with excess of 
caustic potassa, the Burplus being afterwards removed by alcohol, 
a salt of the composition 2KO, ASO3 is obtained, which is very 
soluble in water, and corresponds with the yellow silver-salt. — Filhol 
mentions a binarsenite of potassa, obtained in crystals, by exposing a 
concentrated solution for some time to a temperature of or 50 ^ ; 
respecting the water in this salt, no statements are made. He did 
not succeed in obtaining KO, ASO3 in a state of purity, according 
to Pasteur^ s method. 

Soda likewise forms three salts of a corresponding composition, the 
statements, however, of Pasteur and Filhol are very incomplete; 
the former did not succeed in crystallizing 2 NaO, 2 A8O3; the latter 
was unable to obtain NaO, ASO3 in a state of purity. 

According to Pasteur, arsenite of ammonia NH4 0 , AsOg, is 
immediately formed on addition of concentrated solution of ammonia 
to arsenious acid; a hard mass is obtained, apparently consisting of 
hexagonal tables, derived from an oblique rectangular prism. This 
salt remains permanent only, when in contact with liquid ammonia ; 
alone, and in aqueous solution, it rapidly loses its ammonia ; with 
nitrate of protoxide of silver, this solution gives a yellow precipitate 
of 2 AgO, AsOg, the supernatant fluid presenting an acid reaction. 
An ammonia-sdt, corresponding with the silver-compound, has not 
yet been obtained. 

Filhol has not succeeded in obtaining definite compounds of 
arsenious acid with either lime or magnesia. With baiyta, he formed 
two compounds ; BaO, A8O3 is obtained by mixing binarsenite of 
potassa or soda with excess of chloride of barium, when arsenious 
acid is liberated, and the compound separates, either immediately or 
gradually, as a white gelatinous magma, or as a dendritic, but amor- 
phous mass ; in this state it is easily soluble in water, while, when 
dried, it forms a white insoluble powder. Quite analogous in its pro- 
perties is 2 BaO, ABO3, which is prepared by decomposing 2 KO, 
ASO3 with BaClt In a similar manner FbO^ ASO3, and 2'PbO, ABO3, 
may be obtained. In addition to the above-mentioned silver-com- 
pound 2 AgO, ASO3, he has formed a salt of the composition 
3 AgO, A8O3 ; by the addition of a solution of arsenious acid to 
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excess of nitrate of protoxide of silver^ saturated ^ith ammonia, the 
latter salt is obtained of a beautiful yellow colour, which in the 
light rapidly changes to green, and at a temperature from 14(y^ to 
150^ suddenly becomes black, only a trace of water being evolved ; 
at a higher temperature this compound fuses with disengagement of 
arsenious acid. 

Terchloride of Arsenle^ahd Ammonia. — Pasteur(l) believes, that 
the product obtained by the action of ammoniacal gas upon terchloride 
of arsenic, (consisting, according to H. Bose, of 2 As CI3 + 7 NII3,) 
is 2 (Cl As NH) 4- 4 (Cl NHJ + NH3; when heated, ammonia is 
first evolved, then sublimes the whole; chloride of ammonium, 
however, chiefly towards the end of the process. When boiled with 
water, this product decomposes into ammonia, arsenious acid, and 
chloride of ammonium ; with cold water, a slight evolution of heat 
takes place, ammonia being disengaged, while the liquid deposits on 
evaporation a precipitate consisting of six-sided tables, in which 
Pasteur found 13*4 percent of chlorine, 58*1 arsenic, 5*3 nitrogen, 
and 2*3 hydrogen. This body, when treated with ammonia, forms 
an arsenite NH4O, AsOg. 

Tertodide of Arsenic. — For the preparation of teriodide of arsenic, 
pure arsenietted hydrogen (prepared by hydrochloric acid and 
arsenide of zinc) is recommended by Meurer(2) to be passed 
into a freshly prepared solution of iodine in alcohol until it is 
decolorized, when on evaporation, crystals of teriodide of arsenic are 
deposited. , 

Suipho-arsenic Acid. — Cloez(3) has observed that sulpho-arseniate 
of potassa, As^ Og 83, KO + 2 HO, is formed by passing hydro- 
sulphuric acid through arseniate of potassa. 

Antimony. — ^According to some experiments of Bensch(4), the 
success of Liebig^s method of preparing metallic antimony, free 
from arsenic, is dependent on the presence of iron. To free from 
arsenic a regulus not containing any iron, it is necessary to add 2 per- 
cent of sulphide of iron, and to treat it according to Liebig's 
prescription. Meyer(5) recommends to heat antimony with 1:^ part 
of crude nitre, and ^ part of carbonate of soda to a low redness, to 
wash the antimoniate of soda, and to fuse it with half its weight 
of bitartrate of potassa. 

Teroxide of Antimony.— The following method of preparing teroxide 
of antimony, (for the purpose of obtaining tartar^emetic, &c.) is 


(1) Chem. Gaz. 1848, 309 ; J. Phann. [3] XllI, 395 ; Ann. Ch. Pharm. LXVIII, 307. 

(2) Arch. Pharm. [2] LII, 1. (4) Ann. Ch. Pharm. LXIII, 273. 

(3) Compt. Rend. XXIV, 388. (5) Ibid. LXVI, 238. 
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Terraide recommended by Hornung(l); a mixture of fifteen parts of finely- 
aotimony. divided tcrsulphidc of antimony and 36 parts of concentrated sul- 
phuric acid are heated until sulphuric acid alone is volatilized; the 
product is then washed and decomposed with carbonate of soda. 

Compounds of Teroxtde of Antimony. — Several compounds of tcr- 
oxide of antimony have been investigated by Peligbt(2). 

Sulphates. Al^roth-powder (for which. P^ligot proposes the 
formula SbOQ Ch vide infre^ gave with hydrated sulphuric acid a needle- 
shape salt^ SbOg^ 4303; teroxide of antimony produced with 
faming sulphuric acid small brilliant crystals, SbOs, 2SO3, both 
compounds had been dried upon a porous tile in perfectly dry air, or 
in vacuo. Peligot states that he could not obtain the salt 5 Sb03, 
3 SO3, which, according to Berzelius, is the neutral one (?). When 
treated Vfith hot water, the salt described gave a basic compound, 
2 Sb03, SO3, the composition of two other specimens thus obtained 
was pretty accurately expressed by the formula 2 SbOg SO3 + 2 HO. 
(The salts SbOg,. SO3 and Sb03, 3 SO3, investigated by Brandes, are 
not mentioned by Peligot.) 

Nitrate of teroxide of antimony^ 2 SbOg NO5 is obtained in crystals 
of the lustre of mother of pearl, by addition of water to teroxide of 
antimony dissolved in fuming nitric, acid. 

Oxkhlorides. By treatment of terchloride of antimony with 
cold water, Peligot obtained a precipitate, which after some days 
became crystalline; well washed, it exhibited a composition agreeing 
with the formula proposed for algaroth-powder. For this compound, 
he assumes the simpler composition Sb02 Cl ; this requires 19*6 of 
chlorine for 75*1 of antimony, and 8*9 of oxygen ; this oxichloride, 
however, has not yet been proved to have this composition. By 
the treatment of terchloride of antimony with « hot water, another 
oxichloride, SbOs G1+ SbOg, is obtained ; this formula corresponds to 
Sb CI3 + & SbOg, the composition usually adopted for algaroth-powder. 

Bitartrate of teroxide of antimony crystallizes, after some time, 
from a thick syrupy solution of teroxide of antimony in tartaric acid. 
The crystals, according toProvostaye^8(8) description, belong to the 
rhombic system (macrod: brachyd: principal axiss= 1 : 0*9308 : 0*429 ; 

w ^ w ^ 

odP. qoP-S^. 00 P qo. 3Pqo.Pco); they are easily soluble in water, 
deliquescent in moist air, and have the composition Sb 03 ^ 2 Gg H2 Og 
4- 12 HO ; they lose their water at 160^. On addition of alcohol 


(1) Arch.^Pham. [2] L. 47. 

(2) Phil. Mag. [31 XXXI, 230 ; Ann. Ch. Phys. [3] XX. 283 ; Ann. Ch. Phann. 
LXIV, 280 ; J. Pr. Chera. XU, 376 ; J. Pharm. [3] XII, 210. 

(3) Ann. Ch. Phys. [3] XX, 302; J. Pr. Chem. XLI, 392. 
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to a concentrated solution of this salt, a precipitate is formed which, 
when dried at 160®, is SbOs^ ^2 ^O. — P^ligot assigns the 

formula SbOg, KO, 2 CgHgOg, 8 HO to the tartrate of teroxide of 
antimony and potassa first investigated by Knapp. 

Peligot prepared oxalate of teroxide of antimony by boiling the 
teroxide with a solution of oxalic acid ; by treating algaroth-powder 
with oxalic acid ; by adding hydrochloric acid to a W solution of 
oxalate of teroxide of antimony and potassa, when oxalate of teroxide 
of antimony is thrown down as a crystalline powder ; or by adding 
oxalic acid to a solution of the same double salt. By these several 
processes, he obtained the same product, namely, a crystalline salt, 
insoluble in water, and of the composition SbOg, 2 C 2 O 3 , HO. 
Boiling water decomposes it into oxalic acid and teroxide of antimony 
■—To oxalate of teroxide of antimony and potassa, obtained by the 
^ action of binoxalate of potassa upon teroxide of antimony, Bussy 
had assigned the composition SbOg, 3 KO, 6 CgOg, 6 HO ; the 
correct formula, however, according to Peligot, is SbOg, 3 KO, 
7C2O3, 8HO. 

Peligot is of opinion that a view ought to be taken of the compo- 
sition of these salts, similar to that which he proposed for the com- 
pounds of uranium. The oxides which contain 3 equivs. of oxygen 
readily combine with 3 equivs. of acid, forming soluble salts ; while 
the compounds with 1 cquiv. of acid are usually insoluble in water. 
With the oxides of both uranium and antimony a different deport- 
ment is observed. The compounds of these oxides, with 1 equiv. of 
acid, according to Peligot, correspond to the salts which are formed 
by bases containing 1 equiv. of oxygen, with one equiv. of acid. He 
expresses this analogy by assuming in these compounds, the existence 
of peculiar oxygenated radicals, antimonyl and uranyl ; when 
sesquioxide of uranium and teroxide of antimony become protoxides 
of uranyl and antimonyl, their, composition being represented by the 
formulae (U 2 Og) 0 and (SbOg) O. 

Antimonlc and MetanUmonlc Acid. — Fremy(l) has resumed the 
investigation of antimonic acid, and has found that it exists in two 
modifications, which form two perfectly distinct classes of salts. 
He assigns the term antimonic acid to the modification particularly 
studied by Berzelius, which forms with potassa a neutral salt 
which is gummy, and an acid salt almost insoluble in water ; 
this modification is produced by heating antimony and nitre. For 
the hydrate of antimonic acid, obtained by precipitating the neutral 


(1) Ann. Ch. Phys. [3] XXIII, 404 ; J. Pr. Chem. XLV, 209 ; Ann. Ch. Pharm 
LXVIII, 279. 
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jTdSltli® aRtiinoiiiate of potassa with nitric acid, and dried at the ordinary 
^lSd 0 ** temperature in a current of dry air, he found the composition 
SbO 5 + 5H0. According to Fremy’s experiment, the neutral anti- 
moniate of potassa, dried in vacuo, is represented by the formula 
KO, SbOg + 5 HO ; exposed for several hours to a temperature of 160®, 
it has the composition KO, SbOg +3 HO, when it becomes insoluble in 
cold water, and dissolves in boiling water only after some time, with 
reassumption of the 2 equivs. of water ; by continuous treatment 
with water, even the ignited compound *^KO, SbOg is reconverted into 
the soluble salt KO, SbOg + 6HO. The white compound formed by 
heating one part by weight of antimony with four parts of nitre, consists 
* chiefly of KO,SbOg. — For antimoniate of ammonia, see below. 

Fremy applies the term metantimonic acid to the substance 
formed by decomposing pentachloride of antimony with water, and 
which is produced likewise by heating antimoniate of potassa with 
excess of potassa. He considers this acid to be bibasic, giving rise 
to the formation of two series of salts, 2 MeO, SbOg (neutral salts), 
and MeO, HO, SbOg (acid salts). The former exist only in presence 
of a large amount of alkali ; by the action of solvents, they are con- 
verted into acid salts. ^ 

The acid metantimonates MeO, HO, SbOg have the same compo- 
sition as the neutral antimonates,-or differ from them only by con- 
taining one equiv. of water: '^hey are, too, converted into the 
latter under trifling influences. Metantimonic acid likewise readily 
passes, even in water, into antij^nic,^ acid. The accurate dis-, 
tinction between both modifications is thus rendered rather difficult. 
Fremy believes to have found a4distinctive character in the 
deportment of the two acids with an/ |pnia, antimonic being inso- 
luble therein; the former is likewise Mo^^ dissolve more rapidly 
in acids than the latter. Metantimo?|^ jcid is perf^tly soluble in 
a large amount of cold water, from whic^t is by acids. 

This hydrate has the formula 4 HO, SbOg.^ 

Antimonic acid, when heated with a large excess potassa, pro* 
duces a neutral metantimoniate 2 KO, ShOg, which is enable only in 
a considerable amount of potassa, being converted, by the inflqu^e 
of water, into acid metantimoniate of ^lotassa, KO, SbOgH-? 

This salt contains acid and base in the same proportion as the neutral 
antimoniate of potassa; the latter, however, is gummy, does nc^iiffect 
the salts of soda, and produces with chloride of ammonium^ white 
flocculent precipitate, while the former compound is erystallme, and 
gives a white precipitate with salts of soda, but none with chloride of 
ammonium. The acid metantimoniate of potassa when dissolved in 
water is rapidly transformed into the antimoniate ; the latter, when 
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gently dried, loses two equivs. of water, and is converted into metanti- 
moniate ; by too much drying, however, the above mentioned insoluble 
antimoniate of potassa KO, SbO^+S HO is formed. — ^Por the pre- 
paration of mctantimoniate of potassa, Fremy recommends the 
following method as successfully employed by him of late. One 
part by weight of antimony and four parts of nitre are heated to 
redness in an earthenware crucible; the insoluble antimoniate of 
potassa which forms, is washed and then boiled with water for 
two or three hours, the liquid evaporated being continually replaced. 
In this manner a solution of antimoniate of potassa is obtained 
which, when mixed with solid hydrate of potassa and evaporated 
until a sample taken out solidifies with crystalline texture, deposits 
on cooling a copious quantity of mctantimoniate, which is dried on 
plates of unglazed porcelain. Before using it as a reagent for 
soda, the excess of alkali is separated by washing. The salt has to 
be preserved in the dry state, being converted, when kept in solution, 
into antimoniate. 

Fremy(l) prepares the mctantimoniate of ammonia by the con- 
tinued action of a concentrated solution of ammonia upon hydrated 
metantimonic acid ; the latter dissolver slowly with formation of a 
salt containing one equiv. of metantimonic acid and two equivs. of 
ammonia, which corresponds to the potassa-salt 2 KO, SbOg. This 
salt is difficult to isolate ; the addition of a drop of alcohol to its 
aqueous solution throws down a crystalline acid mctantimoniate 
NH 4 O, SbO^, 6 HO. This compound precipitates the salts of soda; 
when gently heated it loses water and becomes insoluble. In this state 
when boiled with watery it loses its crystalline appearance and is con- 
verted, without evolution of ammonia, into white insoluble antimoniate 
of ammonia. The latter is invariably produced if either antimonic or 
metantimonic acids be dissolved in boiling solution of ammonia, when 
it separates from the solution on cooling. Metaiitimoniate of 
ammonia can be obtained only in the cold, and even then it is often 
converted into the antimoniate, particularly, as it appears in the 
presence of an excess of ammonia. The acid metantimoniate of 
ammpnia, though preserved in the dry and crystalline state in well- 
closed vessels, passes, even at the ordinary temperature, after a day 
or two into antimoniate, when it becomes insoluble in water.— The 
insoluble antimoniate of ammonia^ when dried in vacuo^ has the 
composition NH^O, SbO^, 4 HO. 

pentasnlphide. of Anttmony and Sulphide of Sodlnill*— -This COlU* 
pound (Schlippe’s salt), when crystallized, contains, according to 

(1) Pogg. Ann. LXXIV, 576. 
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H. Rose, 18 equivs. of water, which agrees with Rammelsberg^s 
determination. The compound, when fused with exclusion of air, 
crumbles, when afterwards exposed to the atmosphere, to a bulky 
powder, presenting under the microscope a crystalline appearance ; 
15 equivs. of water are absorbed in this change. 

Bismutii. — ^The colours exhibited by bismuth, purified accord- 
ing to Quesneville^s method, when exposed in either the dry or 
moist state to the atmosphere, have been obt^^ned more rapidly, 
and quite at will, by Poggendorff(l) b^ means of galvanism. 
A bismuth-plate, when forming in a s(du|il^ of 1 part of potassa 
in 4 to 6 parts of water, the positive iil^rode, in . opposition to a 
platinum-plate as the negative clectrQ|^f a battery of two Grovers 
cells, successively assumes a yello^^t^d, violet, blue, and green 
colour, and. becomes again colourl in order to repeat the same 
series of changes, when the colou|^ppear with less intensity. By 
interrupting the current at the prop^ time, a definite colour may be 
fixed. . ci ; 

Garlionatc of Teroxide of Bismutl^— According to Lefort(2), the 
precipitate produced by alkaline car]i)nates in either cold or boiling 
solutions of bismilth, when nearly neutral, is represented by the for- 
mula BiOs, COg, assigned to it by Heintz. Bicarbonates give rise 
to the formation of a compe^d BiOg, COg+HO, which Joses its 
water at lOO® to 120«. ^ 

NUrate of Teroxide of Blsmutli. — Gladstone(3) has found that 
crystallized nitrate of teroxide of bisjnuth is represented by the 
formula BiOg, 3 NOg + 10 HO, a composition, which has been 
confirmed by Heintz^s(4) experimentsi It was formerly believed to 
contain 9 equivalents of water , only. When exposed for several 
hours to a temperature of 150^, converted into BiOg, NO^ + HO ; 

at 260^, both water and acid are evolved. 

The decomposition of nitrate of teroxide of bismuth by \rater has 
been minutely examined by H. Becker (5). He finds that this 
compound, when acted on either in the dry state, or in the most 
acid solution, is first converted into a salt BiOg, NOg + 2 HO, which 
separates as a curdy precipitate, gradually changing into soft spales 
of the lustre of mother of pearl. These crystals, which under the 
microscope appear as elongated tables, readily lose a portion of their 


(1) Pogg. Ann. LXXIV, 586 ; Berl. Acad. Bdr. Julj, 1848 3 lastit. 1849, 13. 

(2) Compt. Rend. XXVII, 268; J. Pham. [3] XV, 226, (mere In detail). 

(3) Chem. Soc. Mem. Ill, 480 ; J. Pr. Chem. XLIV; 179 3 Arch. Pharm. [ 2 ] 
LVII, 40. 

(4) J. Pr. Chem. XLV, 102. 

(5) Arch. Pharm. [ 2 ] LV, 31, 129 ; Ann. Ch. Pharm. LXVllI, 282, (in abstr.) 
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water ; dried at 100® they contain only half the amount expressed in 
the above formula. Freshly precipitated, this substance dissolves 
pretty easily in water, especially on addition of a few drops of nitric 
acid; this solubility ceases in the presence of a certain quantity of 
the common nitrate. The solution of this compound is very un- 
stable, being decomposed, more or less rapidly according to the tem- 
perature and the amount of free acid present, into common nitrate, 
free nitric acid and basic products. — When acid and cold, the 
solution soon deposits brilliant prisms, 5 Bi 03 , 4 NOg + 9 HO, the 
true magisterinm bismuthi ; the same compound is often formed on 
washing the precipitate produced on the addition of cold water to 
bismuth-solutions. To prepare the magisterium, according to this 
method, the precipitate is allowed to subside, and after separation of 
the acid liquid, left in contact with water, until the transformation has 
taken place. Magisierium bismuthi is not perceptibly soluble in cold 
water, which decomposes it but slowly ; hot water extracts from it the 
neutral salt and free acid, a residue being left, which, especially after 
continued ebullition, is a dingy white and heavy powder, amorphous, 
when examined under the microscope, and in which from 1 to 2 per- 
cent of nitric acid were found. — A. concentrated solution of bismuths 
when evaporated at high temperatures, sometimes deposits white crys- 
talline crusts, exhibiting under the microscope thick six-sided tables, 
and containing 5 BiOg, 4 NOg-f 12 HO ; they are not altered by cold 
water acidulated with nitric acid, which on ebullition converts them 
into needles and prisms, most likely of magisterium ; by the action 
of pure water the same deportment is observed as with the com- 
pound BiOg, NOg 4- 2 HO. — ^By treating the latter substance, or the 
crystallized neutral salt, or any acid bismuth-solution with boiling 
water, or by heating to ebullition an acid liquid with a precipitate 
formed by cold water, short prisms of the compound 6 BiOg, 5 NOg 
+ 9 HO are formed. They are insoluble in water, which decom- 
poses them gradually, but more rapidly than magisterium bismuthi ; 
when washed upon a filter, until the washings cease to be acid, the 
residue is found to be converted into larger prisms of the compo- 
sition 4 BiOg, 3 NOg -t" 9 HO. — If the compound BiOg, NOg, 2 HO 
be treated with a large quantity of pure water, a nearly transparent 
solution is obtained, rapidly turning milky, and slowly depositing 
a very soft white powder of the formula 6 BiOg, 3 NOg + 8 HO.r— 
Becker extensively discusses the best method of preparing magis^ 
tfin'ium bismuthi for^he purposes of practice. 

Diesel(l) has directed attention to the changes of colour, which 
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(1) Arch. PbMhn, [2] UIl, 296. 
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are exhibited by nitrate of teroxide of bismuth^ when decomposed 
by heat. 

zinc. — ^Nickle.s(l) states that zinc^ prepared according to Jac- 
quelain^s method (by distillation in hydrogen' gas) presented very 
^stinctly the form of pentagonal dodecahedrons ; hexagonal forms 
having been previously observed by Noggerath, he considers zinc 
to be dimorphous. 

Protoxide of zinc. — ^Brooks(2) found the spec. grav. of pure crys- 
tallized protoxide of zinc to be 5’61 to 5*66. — ^W. and T. H era- 
path (3) have examined a specimen of crystallized protoxide of zinc^ 
which had been deposited in an earthenware retort, used in the 
distillation of zinc. It formed a spear-like aggregate of small, 
brilliant, transparent, apparently square-prismatic crystals of 5*53 
spec, grav., from which 88*5 to 92 percent of protoxide of zinc were 
removed by acids (without effervescence), a crystalline residue remain- 
ing behind, of the composition SnO^, ZnO. 

Hydrated Protoxide of Zinc.- — NickUs(4) found that hydrated 
protoxide of zinc, whose formula HO, ZnO he corroborates, affects 
right-rhombic forms : ooP.ooPoo.cx>Pqo.Poo; the angle of oo P 
in the macrodiagonal principal, section was found to be 62^ 20 ", that 
of P 00 in the^same section 120 ® 41' | spec. grav. 2*677. 

Salts of Protoxide of zinc. — ^The precipitates produced by hydro- 
sulphuric acid in solutions of zinc, dilute and insu£|ciently acidulated, 
have. been examined by Biegel(5). * 

carbonate of Protoxide of Zinc; — boiling zinc^solution, when 
mixed with a solution of carbonate of potassa or soda, yields, accord- 
ing to Lefort( 6 ), a precipitate of 8 ZnO, 8 CO 3 + 6 HO; he does 
not state at what temperature the compound was dried. The 
precipitate produced by bicarbonate of potassa or soda, in cold solu- 
tions of zinc, contains 3 ZnO, CO^+OHO. 

Sulpliate of Protoxide , of Zlne and Potassa. — According to 
Miller^s(7) determination the crystals of sulphate of protoxide of 
zinc and potassa are monoclinometric : oo P . OP . 00 P2 . + P 00 . — P, 
combined with a clinodiagonal doma ; orthodiagonal : clinodiagonal : 
principal axis = 0*744 : 1 : 0*529 ; the angle formed by the two 

(1) Ann. Ch. Phjrs. [3] XXII, 3f ; J. Phfum. [3] ^IH, 18 ; Pogg. Ann. LXXIV, 
442* 

(2) Pogg. Ann. LXXIV, 439. 

(3) Chem. Soe. Qii. J. I, 42. , 

(4) Ann. Ch. Phys. [3] XXII, 31 { J. Phann. [3] XII, 406. 

(5) Arch. Pharm. [2] LVI, 154. 

(6) J. Pharm. [3] XI, 329 ; J. Pr. Chem. XLI, 126. 

(7) Chem. Soc. Mem. HI, 391 ; Phil. Mag. [3] XXXI, 540. 
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principal section 
slSO^e'. 

Selenite of Protoxide of zine. — ^According to 'W6hler'8(l) expe- pe»**^ 
riments, a concentrated solution of selenious acid^ when acted on by 
metallic zinc^ yields selenide of zinc^ free selenium and quadriselenite 
of protoxide of zinc ZnO, 4 SeO^ + 3 HO, which very slowly crys- 
tallizes from the filtrate, when concentrated to a ceiiain extent at 
a gentle heat, and exposed to spontaneous evaporation, as the 
concentrated solution is decomposed by heat. It forms large, yellow 
oblique rhomboidal columns which are permanent in the air, and easily 
soluble in water, forming an acid solution, which, on application of 
heat, is decomposed into selenious acid and neutral selenite of pro- 
toxide of zinc, which separates. 

Nitrate of Protoxide of Zinc.— Gerhardt(2) states that he has 
obtained a basic salt of the composition 4 ZnO, NOg + 3 HO, which 
was crystallized in prismatie needles. 

cadmium. Hydrated Protoxide of Cadmium has been obtained 
by NickUs(3) in the reaction of ammonia upon cadmium, which was 
in contact with iron. He found, approximately, the composition 
HO,CdO. 

Carbonate of Protoxide of Cadmium, of the composition 2(GdO, 

CO2) + HO, is obtained, according to Lefort(4), by adding an 
alkaline carbonate to a cadmium-solution. The water is expelled only 
between^SO® and 120®. 

suipAate of Protoxide of Cadmium has been prepared by Kuhn(5). 

It was deposited in hard crusts of an indistinct crystalline structure, 
from a solution containing an excess of sulphuric acid, and was 
found to contain CdO, SO3 + HO ; a basic salt of the composition 
2 CdO, SOg-h HO, was produced by decomposing a third of the solu- 
tion of sulphate, by means of potassa, and continuously boiling the 
precipitate which was formed with the remainder of the solution.. 

Tin. Salts of Protoxide of Tin. — Bouquet(6} has examined 
several salts of protoxide of tin . — Stdphate of protoxide of tin, 

SuO, SO3, crystallizes in small plates, from a hot saturated solution 

(1) Ann. Ch. Pharm. LXIII, 279. 

(2) J. Pharm. [3] XII, 61. 

(3) Ann. Ch. Phys. [3] XXII, 31 ; J. Pharm. [3] XII, 406. 

(4) Compt. Rend. XXVII, 268 ; J. Pharm. [3] XV, 20, (in detail), 

(5) Arch. Pharm. [2] L, 286. 

(6) From the “ Recueil des Travaux de la Soci4t4 d’Emulation pour les Sdencea Phar- 
maceutiqnes,** Janvier, 1817, 3, in J. Pharm. [3] XI, 459$ Ann. Ch. Phann. LXIV, 

278, (in abstr.) 


latter = 79®38'; ooP : 00 P in the orthodiagonal 
= 106®48', cx) P2 : 00 P2 = 66®^6', P 00 : OP 
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Tin. Qf freshly precipitated protoxide of tin in dilute sulphuric acid. 
p^toxMt It is very soluble in water; the solution soon becomes turbid^ a 
basic salt being deposited^ which is redissolved by addition of a few 
drops of sulphuric acid. It forms crystallizable double compounds 
with the sulphates of potassa and ammonia ; when ignited^ binoxidc 
of tin remains h^mdL.—Hypo8ulphate of protoxide of tin can be 
obtained in solution only; when concentrated in vacuo^ protosul- 
phide of tin is separated. — Tartrate of protoxide of tin, 2 SnO, 
Cg H4 Oio5 may be easily prepared by adding a boiling solution 
of tartaric acid to a concentrated solution of protoxide of tin in 
acetic acid^ until crystallization commences;- the crystals, which 
appear to be rectangular prisms, are soluble in water, which docs 
not decompose them even at the boiling temperature ; the solution is 
not precipitated by ammonia. — ^Protoxide of tin forms crystallizable 
double s^ts with the bitartrates of potassa and ammonia. — Oxalate 
of protoxide of tin, SnO, C3O3, is prepared like the tartrate ; it 
forms brilliant needles, which are insoluble in cold water, and 
partially d^omposed on ebullition. This salt dissolves in alka- 
line oxalates, double compounds being produced, which may be 
obtained, likewise, by treating alkaline binoxalates with hydrated 
protoxide of tin. The potassa-double mlt SnO, Cg O3 +" KO, Cg O3 
+ HO forms large crystals, which appear to belong to the^ rhombic 
system. The ammonia-double salt is isomorphous with the former; 
when heated it fuses and detonates. — ^The soda-dmble salt is anhy- 
drous and' crystallizable. All these double salts are soluble in water ; 
the 'Solutions becoming turbid after some time, and immediately on 
ebullition. Bouquet adduces that, in addition to the above, he has 
prepared the citrate, phosphate, and carbonate of protoxide of tin ; 
he did not succeed in obtaining the acetate in the crystalline state. 

Protochloride of Tin. — ^For preparing tin-salt (hydrated proto- 
chloride oti tin) Noll ner(l) recommends to expose, in stone-ware 
receivers, granulated tin to the action of hydrochloric acid, as it 
is disengaged from the retorts, and to evaporate the concentrated 
solution of protochloride obtained in this manner in tin pans which 
are protected by granulated tin. 

Binoxtde of Tin. — B, E. Brown( 2 ) has found that stannate of 
soda is formed by boilmg a mixture of tin, carbonate of soda, and 
indigo, wheiriifae latter is dissolved ; he farther states that^the same 
salt is obtaiwftt by boiling a solution of soda with tin and protoxide 
of leadi metallic lead being separated. 

(1) Ann. Ch. Pharm. LXIIl, 120. 


(2) Chem. Gaz. 1847, 60. 
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stannic Acid and Metastannlc Acid.— Fremy(l) had asserted that 
the two modifications of binoxide of tin^ the normal one (stannic 
acid^ obtained by the decomposition of the bichloride) and the 
anomalous one (metastannic acid produced by the action of nitric 
acid upon tin) have different equivalents^ the former being 
represented by SnOg, the latter by SngOg. This result had been 
obtained by the analysis of the potassa- and soda-compounds^ 
which are formed by boiling metastannic acid with an alkali^ and 
precipitating the solutions thus obtained by alcohol. He now 
finds that his former experiments were made with mixtures^ the 
metastannates being on ebullition gradually converted into stannates. 
His new method of preparing metastannate of potassa, consists 
in dissolving metastannic acid in a cold dilute potassa-solution, and 
adding solid potassa, when the compound is separated as a white 
granular precipitate. When dried on a porous porcelain-plate, this 
precipitate is resinous and transparent ; it is completely dissolved by 
water, an alkaline solution being formed which cannot be crystal- 
lized by evaporation; on addition of an acid a precipitate of me- 
tastannic Md (insoluble in nitric acid) is produced. Metastannate 
of potassa, when heated or left in contact for several days with 
an excess of potassa, is convened into stannate of potassa. Accord- 
ing to Fremy, the salt dried contains KO, Sng 4 HO; 
when heated it loses its water and undergoes decomposition. The 
ignited salt yields to water, potassa and a small quantity of metas- 
tannic acid; 100 parts leave 79 parts of metastannic acid.^'* Stannate 
of potassa does not lose its solubility by exposure to a red heat; 
the solution on addition of an acid deposits stannic acid, which is 
perfectly soluble in nitric acid. 

Fremy prepared metastannate of soda by the action of a 
concentrated soda-solution on metastannic acid. The white, granu- 
lar crystalline salt is very difficultly soluble in water. At as low 
a temperature as 60® (when dissolved by ebullition), it is decom- 
posed into metastannic acid and soda. According to an approximative 
analysis, this salt contains 4 H 0 to NaO, Sn^ O^q. 

By his analysis of hydrated metastannic acid, Fremy was led to 
the formula Sn^ Ojo+IOHO; this analysis refers to a substance 
which was perfectly insoluble in ammonia, and which had bfsen dried 
at the ordinary temperature in an anhydrous atmosphere. When 
dried in vacuo, this hydrate became ,SngOio+ 6 HO, when exposed 
for several hours to a temperature of 130®, it was converted into 


(1) Ann. Ch. Phys. [3] XXIII, 393; J. Pr, Clicin.XLy, 200. 
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Oio + 4 HO, at 160® into Sn^ Ojq + 3 HO. The hydrate 
HO appeared to be of the greatest stability. Thepotassa- 
and soda-compounds, ivhich have been mentioned, arc formed by 
the substitution in this compound of one equiv. of alkali for one 
equiv. of water.. (Stannic acid, to which Fremy assigns the for- 
mula Sn Oj, HO, when dried in vacuo, exhibits exactly the same 
percentage as the hydrate of mctastannic acid in question). Me- 
tastannates, when precipitated with acids, yield mctastannic acid, 
which is insoluble in nitric acid, but has the peculiar property of 
dissolving in ammonia. 

The two modifications of binoxide^ of tin have been studied 
likewise by H. Rose(l). He calls NnoMde a, the modification to 
which Fremy assigns the n^me of stannic acid, and which is 
obtained by precipitating with ammonia a solution of bichloride or 
hydrated bichloride of tin (the analysis of H. Rose confirms the 
formula of Lewy, who had found SnC^+S HO for this compound). 
Fremy^s mctastannic acid is designated by Rose binoxide b. 

Bfhoxide a dissolves in cold hydrochloric acid, both dilute and 
concentrated. Binoxide b is insoluble in hydrochloric acid, even on 
application of heat ; it dissolves, howevg*, when heated with the acid 
upon addition of water. 

The splution of bichloride of hydr||||^Ud^oride (i.c. of 

binoxide a) is not precipitated by fflule stH^^ hydrochloric, 
nitric, or Arsenic acids ; not even after som^ra^ Phosphoric 
acid (trilmsic, which precipitates the yellow silver-salt) produces, 
after some days, a colourless jetty. "With arsenious acid a consi- 
derable precipitate is formed after sotne time. Only when diluted 
with a considerable excess of water, ig^he solution of bichloride of 
tin precipitated by dilute sulphuric acid;- tjj^ precipitate is imme- 
diately redissolved on addition of bydrodilmj^ acid. 

The hydrochloric solution of hmoxvS^b yields a strong 
.precipitate on addition of dilute sulphuric acid, even in the presence 
of large quantities of hydrochloric acid; this precipitate contains 
both binoodde of tin and sulphuric a^d, which latter can be removed 
completely by warm water, when binoxide b is left with its original 
properties; when ^treated* with hydrochloric and nitric acids, it is 
dissolved* after additioa^of water, the solution yielding after some 
time a strong deposit. — ^The solution of binoxide b in the smallest 
possible quantity of hydrochlorie acid^ is not affected by phosphoric 

(1) fieri. AeSd. Ber., June, 1848; J^ogg. Ann. LXXV, 1 ; J. Pr. Chem. XLV, 76; 
Ann. Ch. Pbarm. LXVllt, 272; Instit 1848, 400; Chem. Gaz. 1848, 377. 
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acid ; with arsenic acid, a copious white precipitate is formed after 
the lapse of 12 hours. 

Both modifications a and b are precipitated on ebullition of their 
solutions in acids, especially in hydrochloric acid, when sufSciently 
diluted ; binoxide of tin is thus perfectly separated, the more rapidly 
the smaller the quantity of free acid which is present. The precipi- 
tates produced both by ebullition and by addition of ammonia, are 
of the same modification as the binoxide which had served in the 
preparation of the solution. 

Addition of tartaric acid prevents the pi*ecipitation by ammonia of 
the hydrochloric solution of binoxide a ; with a solution of binoxide b 
this is not the case. The solutions of both modifications are precipi- 
tated by an excess of nitrate of protoxide of silver; the precipitate is 
perfectly s^uble in an excess of ammonia if the modification a were in 
solution, TADe in the case of binoxide b the binoxide rem.ains, 
chloride of silver only being dissolved. 

Infusion of gall-nuts does not affect a solution of binoxide a, while 
in a solution of binoxide b a white-yellowish precipitate appears ^%ftei 
some hours. ^ 

Carbonate of potassa prol^c^s in a solution of bichloride of tin 
(binoxide a), with effervescence, «a very voluminous precipitate, which 
is completely soluble in an excess of the precipitant. The precipitate 
thrown down by carbonate of potassa in a solution of binoxide b is 
insoluble in an excess of the precipitant ^ ^ 

Both modifications, a and b, are soluble in solutions of potassa 
and soda ; the solutions, when freshly prepared, contain the‘ respective 
modifications with their peculiar properties. The solution of binoxide 
b in potassa, when mixed with an excess of potassa, yields a precipitate, 
which disappears on addition of water. When dried at 100^, this 
precipitate contains, according to Weber, KO, Sn^ 0|4-f 3 HO. 

Solution of bichloride of tin, which had been prepared six years, 
exhibited the reactions of binoxide b ; in another specimen, which 
had been prepared only two years previously, the transformation had 
not been perfeclly accomplished. 

If so large a quantity of hydrochloric aci^ be added to a solution of 
bichloride of tin that it ceases to be precipitated on ebullition, the 
solution, after having been boiled for some time, shows the reactions 
of binoxide b ; a solution of bichloride of tin, when mixed with potassa 
until the precipitate formed is perfectly redissolved, after standing for 
some time, exhibits the same deportment. 

It is very probable that there^ are other modifications of binoxide 
of tin than a and b. In Rose’s opinion, native binoxide of tin and 

VOL. I. y- 


Sfnnnlc 
acid aiHl 
mctBBtaii- 
iilc acid. 



338 


INORGANIC CHEMISTRY. 


Stannle 
acid and 
metaatan- 
ntcacid. 


ignited binoxide have to be considered as a peculiar modification^ 
with which the product obtained by fusing binoxide of tin with 
alkaline carbonates^ appears to be identical. Rose is not inclined 
to ascribe to different capacities of saturation the differences exhibited 
by the two modifications a and b. 

licaa. — Lefort(l) states that the precipitate obtained by additioiK 
of an alkaline carbonate to a boiling lead-solution^ contains 3 PbOy 
2 CO 2 , HO ; the compound PbO, COg could be obtained only by 
precipitating in the cold. 

The precipitate obtained by addition of iodide of potassium to a 
solution of tribasic acetate of lead is, according to Kuhn's(2) experi- 
ments, Pbl-f-PbO + HO. Denot had assigned to it the formula 
PbI + 2PbO. In a boiling solution of iodide of lead, ammonia 
produced a white precipitate, turning yellow when slightly hinted, 
and approximating to the composition Pbl + 8 PbO + HO. According 
to Kuhn(3), freshly precipitated sulphate of protoxide of lead, wb^ 
treated with ammonia, is converted into 2 PbO, SO 3 . 

Iron. — By treating cast iron with dilute sulphuric acid, Sand- 
rock{4) did not obtain any compound which could have been desig- 
nated as organic ] the volatile products of this reaction were found to 
consist of hydrogen, arsenietted and phosphoretted hydrogei^ 
hydrosulphuric and sulphurous acid; the graphitic residue did 
not yield any humus-like body to potassa, which extracted sesquioxide 
of iron and silicic acid, the former being soluble in potassa the 
cooperation of the latter. ^ 

The fact that iron is rapidly oxidized (with fillbrease of volume) 
by the influence of saline solutions, especially of urine, has been 
established by observations of Persoz( 6 ), 

Carbonate of Protoxide of Iron. — Glass on( 6 ) has ascertained that 
in the distillation of spathic iron (air being excluded) carbonic acid 
and carbonic oxide are evolved in nearly the proportion of 5 : 1 , and 
that the residuary proto-sesquioxide of iron contains Fe 2 O 3+4 FeO. 

Sesuuioxlde of Iron. — ^The spec. grav. of artificial sesquioxide of 
iron has been determined by H. Bose ; when ignited over a spirit- 
lamp, it showed the sped. grav. of 5-17, while it was found to be 
5*04 after exposure in a charcoal-fire. At the temperatme of a 
porcelain-furnace the sesquioxide fused, but was found to have been 

( 1 ) Compt. Rend. XXVII, 268 ; J. Pharm. [3] XV, 26, (in detaU.) 

(2) Arch. Pharm. [2] L, 281. (3) IMd. 284. (4) Ibid. LIV, 1. 

(5) Ann. Ch. Phys. [3] XXIV 506; J. Pharm. [3] XV, 105. 

(6) Ann. Ch. Pharm. LXII, 80.; J. Pr. Chem. XLIV. 119, (in abstr.) 
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partially reduced to protoxide. • According to G. Rose(l), the 
spec. gray, of the native sesquioxide (specular iron ore) is 5*19 to 
5*23. 

Phosphate of Protoxide of Iron. — Iron nails found in the' stomach 
of an ostrich^ which were partly surrounded by black animal matter^ 
when exposed for several days to the action of the atmosphere^ 
exhibited peculiar blue stains^ which Schlossberger(2) ascertained 
to be due to the presence of tribasic phosphate of protoxide of iron 
(vivianite). — ^The occurrence of crystallized vivianite in the bones of 
the skeleton of a miner^ which had been found i^ old mine of 
Tarnowitz^ has been observed by Hai dinger (3). 

Sulphate of Protoxide of Iron.— The precipitate which deposits 
from a solution of sulphate of protoxide of iron, when exposed to the 
atmosphere, contains, according to Wittstein(4), when dried at 
100®, 2 Fcg O3, 3 SO3 + 8HO; (Berzelius had adopted the formula 
2 Feg O3, SO3 + 6 HO). 

Jacquelain(5) has announced the existence of three, hitherto 
unknown compounds of sulphuric acid with sesquioxide of iron ; 
these compounds are Fcg O3, 3 SO3 -f 10 HO, (this is the formula 
of the mineral coquimbitc), Feg O3, 4 SO3 -f 12 HO, and 5 Fe^ O3, 
32 SO3 + 26 HO. Details are still wanting. 

Nickel. Protoxide of Nickel. — Genth(6) has more accurately 
determined the spec. grav. of crystallized protoxide of nickel, for 
which he had formerly obtained the number 5*745 ; according to his 
new experiments it is 6*605. 

Carbonate of Protoxide of Nickel. — ^The apple-green precipitate 
produced by an alkaline carbonate in a cold nickel-solution, contains 
according to Lefort(7) 5 NiO, 2 COg + 8 HO ; the precipitate ob- 
tained with bicarbonates which has a similar colour, is 3 NiO, 2 CO^ 
-h 6 HO ; the grass-green precipitate formed on ebullition was 
found to have the composition 5 NiO, COg + 5 HO ; the same 
compound is obtained by boiling one of the preceding precipitates. 

Copper. — Regarding the diffusion of copper, especially its exis- 
tence in minm'al waters, the reader is referred to the Report on 
Mineral Waters. 

(1) Pogg Ann. LXXIV. 440 ; J. Pr. Cbem. XLIV, 230 ; Bcrl. Acad. Ber. April, 1848 j 
Instit. 1848, 3C9. 

(2) Ann. Ch. Pharm. LXII, 382. 

(3) Ber. der Freunde dcr Naturwissensch. in Wien, IV ; J. Pr. Chem. XLIV, 181. 

(4) Repert. Pharm. [3] 1, 185. (5) Compt. Rend. XXIV, 441. " 

(6) Pogg. Ann. LXXIV, 439. 

(7) Compt. Rend. XXVII, 268; J. Pharm. [3] XV, 21, (in detail). 
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Hydrated dniioxide of Copper. — ^According to the expenments of 
Fremy(l), yellow hydrate of suboxide of copper (obtained by preci- 
pitating a solution of subchloride of copper in hydrochloric acid by 
means of carbonate of potassa or soda)^ is soluble in all acids^ even 
the weakest^ a salt of suboxide being produced. When rendered 
anhydrous^ and even in the presence of water under conditions 
which are not sufficiently studied^ it loses its basic properties and is 
decomposed by acids. 

Hydrated Protoxide of yfiopper, when precipitated from a cold 
solution of the sulphite by a large excess of potassa and dried in 
vacuOf has been found by Fremy(2) to contain CuO -f- 2 HO. 

Nitrate of Protoxide of Copper. — 61adstone(3) found in accord- 
ance with Graham^s statements^ that the prismatic nitrate of copper^ 
which crystallises at 20®, contains 3 equivs. of water (Gerhardt had 
found 4 equivs.) The basic salt obtained by heating the former, was 
found to contain 4 CuO, NOg + 3 HO, in conformity with Ger- 
hardt^s analysis. The same composition is assigned by Kuhn(4) 
to a salt, which he prepared by incompletely precipitating with 
ammonia a cold solution of the neutral nitrate. 

Mixed Yitriois. — Lefort(6) has examined several mixed vitriols of 
the composition CuO, SO3 + 3 (FeO, SO3) + 28 HO and CuO, SO3 
•f 8 (ZnO, SO3) -f 28 HO. Nickles(6), in studying the crystalline 
form of these compounds has confirmed the previously known fa^> 
that it is the same as that of sulphate of protoxide of iron with very 
simple combinations. < ^ V 

Mercury. — Svanberg(7) has vainly tried several methods for 
determining the equivalent of mercury ; he has con^tii^cated details 
only respecting the decomposition of protochloiide mercury by 
means of lime at high temperatures, and inSl an Atmosphere of 
hydrogen; he determined the amount of mel^uiy obtained from a 
known weight of protodhloride. He arrived in this mtSsner at the 
numbers 99.79, 99*86 and 99*94; he believes, thatth^ experiments 
prove, at all events, that the equiyalent of mercury ill not Mow this 

( 1 ) Ann. Ch. Phys. [3] XXIII, 391 ; J. Pr. Cbem. XLV,‘l98. 

( 2 ) Ann. Ch. Phys. [3] XXIII, 388 ; J. Pr. Cbem. XLV, 195. 

(3) Cbem. Soc. Mem. Ill, 480; J. Pr. Cbem. XLIV, 179 ; Arch. Pbann. [ 2 ] LVII, 40. 

(4) Arch. Pbarm. [ 2 ] L, 283. 

(5) Ann. Cb. Phys. [3] XXllI, 95; Gompt. Rend. XXVI, 185 ; J. Pbarm. [3] XIV, 
15 *, J. Pr. Cbem. XLV, 106. 

( 6 ) Ann. 6 lr. Phys. [3] XXIII, 104 5 J. Pr. Cbem. XLV, 113. 

(7) From-lA Itfemoirs of t^. Sjfcockholm Academy for 1845, in J. Pr. Cbem. XLV, 
468; CbenyOM. 1849, W 
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niimoer. . (Erdmann and Matchand had ascertained it to be 
100*07). 

H. Kopp(l) found the spec. grav. of pure mercury at 0^ to be * 
13*595 (water at 4® = 1) ; the experiments of Regnault(2) had 
given the number 13*596. 

Mercury-Compounds. — Laurent(3) has published a synopsis of the 
formulae, representing, according to his views, the various compounds 
of mercury. We cannot reproduce this synopsis, and limit our- 
selves to indicating the principle on which his classification is based. 
The mercury-compounds are considered as corresponding to simple 
compounds, f. i., of potassium or ammonium, in which certain equiva- 
lents are replaced by mercury. Mercury is stated to enter into com- 
bination with two different equivalents, representing as it were two 
different metals j the metal of the equivalent 100 is designated by 
the term mercuricumf while that of the equivalent 200 is called 
mei^curosum. According to Lauren t^s view, a simple compound of 
ammonium may serve as type of many mercury-compounds, if we 
imagine 1 (sometimes also 1^) 2, 3 or 4 equivalents of hydrogen to be 
replaced by a corresponding number of equivalents of mercuricum or 
mercurosum, while arsenic or phosphorus is substituted for nitrogen ; 

1 equivalent of mercury can, however, be substituted for 1 equiva- 
lent of ammonium also. (The question arises, whether ammonium be 
capable of replacing the hydrogen in ammonium, when in the chemical 
acceptation of the term the whole becomes equal to part of it f) 

Deportment of Mercury-Solutions witli zinc. — H. Rose(4) finds 
that mercury is completely precipitated by zinc from the solution 
of the nitrate and the sulphate of the protoxide, provided the 
formation of basic salts be prevented by the addition of sul- 
phuric or nitric acids. The mercury which is thus separated does 
not combine with the zinc. The same deportment is observed 
in the action of zinc upon protochloride of mercury. In the 
presence of hydrochloric acid, zinc forms an amalgam, and the 
last portions of mercury are precipitated only after a considerable 
time. The action of hydrochloric acid upon zinc is readily inter? 
rupted by the addition of protochloride of mercury, when amalgama- 
tion ensues at once. Dilute sulphuric and nitric acids produce the 
same effect in a solution of protochloride of mercury as hydrochloric 


(1) Fogg. Ann. LXXII, 18. 

(2) Ann. Ch. Phys. [3] XIV, 236; Relation, &c. (see p. 52), 168; Pogg. Aan. 
LXXIV, 210. 

(3) Compt. Rend. XXIV, 222. 

(4) Pogg. Ann. LXX, 311 ; Berl. Acad. Ber., January, 1847, (in abstr.) ; Ann. Ch. 
Pharm. LXIV, 273 ; J. Pr. Chem. XL, 308 PhU. Mag. [3] XXX, 290. 
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mSt of acid.— Subchloride of mercury, even in the freshly precipitated state, 
soiuSSm sulphate of the suboxide (when suspended in water), are not 
with xinc. completely decomposed by zinc while, from a solution of the nitrate 
of the suboxide, the metal is perfectly separated. 

Nitrate of SuHoxide of Mereanr. — Gerhardt(l) has examined the 
compounds of mercury with nitric acid. The vapour of liyponitric 
acid, when acting upon mercury, gives rise to the formation of nitrate 
of the suboxide, binoxide of nitrogen being evolved. He confirms 
the formula Hg^O, NOg +2 HO ' for this compound. On boiling 
this salt with a small quantity of water or nitric acid (the evaporated 
acid being replaced by water), a solution is obtained which deposits*/ 
on cooling, small brilliant oblique rhombic prisms, of the composition 
2 HggO, NO5 -f HO ; by ebullition with a large quantity of water, 
a yellow salt is produced, which contains probably SHgjO, NOg. 
The crystalline nitrate of the suboxide yields, on heating, a yellow 
salt, which is the basic compound, Hg^O, 2HgO, NOg, described by 
Brooks. Oerhardt denies the existence of the salt 6 HgO, NOg, 
which has been mentioned by Kane. 

Protlodide of MerGury. — ^According to Mohr^s( 2 ) experiments, the 
conversion of iodine and mercury into iodide, when moistened with 
alcohol and triturated together in equal equivalents, is not com- 
plete ; the mass which is produced contains free iodine, which is 
evolved in the water-bath, and suboxide of mercury ; by sublimation 
it is converted into protiodide and metallic mercury. 

Decomposltioii of SuliGhioride of Mercury* — It has been observed 
by A. Vogel jun.(8), that subchloridc of mercury, when heated 
with water and carbonate of lime (or carbonate of magnesia), is 
converted into suboxide of, and metallic, mercury, with formation 
of chloride of calcium (or chloride of magnesium), and evolution of 
carbonic acid. The carbonates of baryta and strontia, act in the 
same manner, but less energetically. — ^On ebullition of subchloride 
of mercury with powdered sulphate of lime, small quantities of 
chloride of calcium, and sulfdiate of suboxide of mercury ai*e 
formed. Glauber’s salt has the same effect. 

Deportment of Gtaloramlde of Meroury. — Kosmann( 4 ) has examined 
the action . of several acids and acid salts upon this compound (in- 
fusible white precipitate HgCl + HgNHa). A solution obtained by 
boiling this substance with very dilute sulphuric acid, deposited 

u-- u, .r V - - 

(1) Compt Rena. XXVI, 432; J. Phwm. [8] XIH, 465. 

(2) Arch. Pbarm. [2] l,V, 29. 

(3) Reiiert. Phann. [3] 1, 34. 

(1) J. Pharni. [3] XIV, 321 ; J. Pr. Chem. XL VI, 81. 
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on evaporation white foliated crystals of the formula 2 (HgO, SO3) 

+ NH4 Cl 4* Hg Cl, sulphates* of -ammonia and protoxide of mercury 
remaining dissolved. The crystals lost their HgCl . by treatment mercury* 
with ether: under the influence of water they became yellow with 
formation of a basic sulphate. — ^Very dilute nitric add, when cold, had 
but little action on the white precipitate, which was however dis- 
solved on heating ; on evaporation a copious crop of foliated crystals 
was deposited, presenting the lustre of metallic silver and contain- 
ing 4 Hg Cl + NH4O, NOg ; they were insoluble in water, and lost 
a large quantity of HgCl, when treated with ether. On farther, 
evaporation the mother-liquid yielded small oblique prisms of metallic 
lustre, which were found to be a mixture of a little protochloride with 
a large quantity of nitrate of protoxide of mercury and ammonia. — 

Equal parts of the white precipitate, of chloride of sodium, and 
hydrochloric acid, when heated with 15 times their amount of water, 
yielded a solution which deposited, first, chloride of sodium, and then 
four-sided plates of metallic lustre, soluble in water, having the 
composition 2 HgCl+NH4 Cl-f4 NaCl. — On boiling the white pre- 
cipitate with double the weight of binoxalate ^ sufficient 

quantity of water, carbonic acid was evolvec^«Pl|^ formation of an 
insoluble residue of oxalate of suboxide of ,* the solution, 

when exposed to solar irradiation, immediately depei||jlted subchloride 
of mercury,— When the white precipitate was treated in a similar 
manner, with three parts of bitartrate of potassa, carbonic acid was 
likewise disengaged; the solution deposited, on cooling, several 
salts of diflerent appearance, the composition of which was not 
sufficiently investigated, — On ebullition with acetic acid, subchloride 
of mercury was immediately precipitated with evolution of carbonic 
acid ; the solution yielded, on evaporation, yellow crystalline crusts, 
which blackened on exposure to light, and contained 72*9 per 
cent of mercury, and 13*0 per cent of chlorine; Kosmann, con- 
siders them aa an ac4tate sexbasique de chlorure amido*mercur%que 
+ 12 HO. — ^Treatment of the white precipitate with sulphate of 
quinine and very dilute sulphuric acid, gave rise to the formation 
of indistinct crystals which, after recrystallization from alcohol, are 
stated to have been 6 quinine, 12 SO3 + HgO, SO3 + NH4O, SO3 
+ HgCl. ^ • 

silver.— L. Kessler (1) recommends to employ acetate of protoxide 
of iron for the purpose of precipitating metallic silver from solutions 
containing lead and copper ; this salt efiPects a complete reduction. 


(1) J. Pharm. [3] XI, 86. 
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^ 11^0 the sulphate invariably leaves smaH quantities of the metal in 
solution. Solutions^ to be precipitated in this manner^ should be 
very dilute^ and as free as possible from an excess of acid. — pure 
silver-solution> when precipitated by acetate of protoxide of iron^ 
yields^ according to Mohr(l), a dazzling white acetate^ soon exhibiting 
dark spots^ from which the reduction rapidly proceeds through the 
whole mass ; from a solution containing copper and free nitric acid, 
the silver is at once precipitated in the metallic state. Of all the 
inethbds proposed for the decomposition of chloride of silver, Mohr 
considers the reduction by means of metallic zinc most advan- 
tageous. With respect to Gregory’s method, which consists in 
converting the chloride into oxide by boiling with a concentrated 
solution of potassa, he remarks, that frequently a portion of the 
chloride agglutinates, whereby the decomposition is prevented; he 
states^ that^ this may be best avoided by introducing the chloride, 
suspended lU a small quantity of water into the boiling, solution of 
potassa. ^He confirms the complete decomposition of chloride of 
silver by boiling with a solution of pbtassa and sugar, as communicated 
by Levol. By method, the metallic silver could be easily 
obtained in dens^^d heavy masses, from wjlich the liquid could 
be rapidly decanted. ■ 

According to Malaguti and Durocher(2), various sulphides and 
arsenides are capable of decomposing chloride and bromide of silver. 
The change takes place more rapidly if the silver-compounds are 
in solution than by contact under water only. They state that the 
decomposition takes place in the following proportions : 

lOO ZaS sSAgCl; 100 DiSs SAgQ; 100 SnS §AgCl; 100Cu,S SSOAgCl; 

lOO CdiS 14 „ 100 PbS 5 „ 100 SnS, 30 „ lOOSbAsg? 120 „ 

100 parts of arsenide of cobalt were found to decompose 166 of 
chloride of silver. The same compounds, when occurring as 
minemls, exhibited very different faculties of decomposition, accord- 
ing to the places in which they had been found. Bromide of silver 
was decomposed to a certain extent, iodide not perceptibly. 

Giiiortiie of silver. — ^Pierre(3) has accurately determined the 
solubility of chloride of silver in hydrochloric acid. According to 
his experiments, one part pf chloride of silver ^requires not more than 


(1) Aim. Ch. Pharm. LXVI, 65 ; Arch. Pharm. [2] LIV, 15. 

(2) Compt. Rend. XXV, 160 ; Arch. Pharm. [2] LIII, 321. 

(3) From ** Recucil des Travaux de la Soci^t^ d’Emulation/*’ (comp. p. 333), Avril, 
1847, 107, in J. Pharm. [3] XII, 237. 
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200 parts of hydiochloric acid when concentrated, and not more 
than 600 parts when diluted with double its weight of water. 

Gold. — ^According to C. T. Jackson(l), gold is obtained in the 
form of a yellow, soft sponge, by adding to a concentrated solution of 
gold a small amount of oxalic acid, and then a quantity of carbonate of 
potassa, sufficient to keep nearly the whole of the metal in solution, 
as aurate of potassa. On addition of crystals of oxalic acid and 
ebullition, the gold separates in the metallic state. 

Teroxide of Gold. — Figuier(2) recommends as the best method 
for preparing teroxide of gold, to mix a solution of gold, from 
which, by repeated evaporation and re-solution the excess of*acid 
has been removed as far as possible, with potassa, qntil the solution 
Las a strongly alkaline reaction. To this solution chloride of barium 
is added, until the precipitate, which is yellow in the beginning, 
assumes a whitish colour. The precipitate of aurate of baryta is well 
washed, and decomposed by boiling for some minutes with "dilute 
nitric acid, when teroxide of gold separates, which after washing 
must be protected from light whilst drying. 

Sulphide of Gold and Sulphide of Potassium and Sodium. — Yorke(3) 
has examined the compounds of sulphide of gold with the sulphides 
of potassium and sodium. He found that a bright-red heat is 
necessary for producing these compounds from gold, alkali and 
sulphur ; that if equal equivalents of gold and alkali be heated with 
tlirce or four equivalents of alkali, about half the quantity of gold 
forms a compound soluble in water, and that the best proportions for 
obtaining the whole of the gold in the form of this soluble compound, 
are 1 equiv. of gold, 2 equivs. of alkali, and 8 equivs. of s^phur. 
By fusing gold with sulphur and soda, a product was obtained, 
yielding with water a yellow solution, which, when protected from 
oxygen during filtration, and evaporated over sulphuric acid in vacuo, 
deposited yellow crystals. These crystals, which became colourless 
on re-crystallization, belong to the monoclinometric system ; they 
were six-sided prisms, exhibiting three or four teiminal planes ; when 
in contact with atmospheric air, they rapidly turned brown ; when 
subjected to the action of heat, water, and afterwards sulphur, was 
evolved. The composition of this double salt is AuS, NaS,+8HO ; 
it is soluble in water and spirits of wine ; the solution yields with 


(1) Sill. Am. J. [2] VI, 187. 

(2) J. Pharm. [3] XII, 401 ; J. Pr. Chem. XLIV, 187 ; Ann. Ch. Phnrm. XLIV, 
295, (in abstr.) 

(3) Chem. Sue. Qu. J. I, 236. 
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acids a yellowish brown precipitate^ whilst a small quantity of hydro- 
sulphuric acid is evolved; the composition of the precipitate was 
found to vary^ the quantity of sulphur present for 1 equiv. of gold 
oscillating between 1 and 2 equivs. In contact with air^ the solution 
gradually decomposed and turned brown. Yorke obtained the same 
double salt by dissolving sulphide of gold^ of nearly the composition 
AuS.j, (prepared by precipitation of the terchloride by hydrosulphuric 
acid), in sulphide of sodium, and crystallizing. — Sulphide of gold, 
when digested at the common temperature with hydrosulphate of 
sulphide of sodium is only sparingly dissolved; at a higher tempe- 
rature, the sulphide of gold is reduced. — ^There exists likewise a com- 
pound ef sulphide of gold and sulphide of potassium ; this salt, however, 
is deliquescent, and crystallizes with difficulty. The solution exhibits 
the same deportment as that of the corresponding sodium-coinpound. 

Ciiass containliiff Gold. — H. BD8e(l) endeavours to explain the ruby 
colour which is exhibited by colourless glass containing gold, when it 
is heated. He assumes the existence in the colourless glass of a silicate 
of protoxide of gold, which requires for its formation a high tempera- 
ture ; when exposed to a gentle heat, part of the protoxide is 
separated, which produces the colour ; when reduced to the metallic 
state by a higher temperature, it imparts a yellowish-brown colour to 
the glass, which at the same time loses its transparency. Au^^alogOus 
deportment is exhibited by glass coloured with suboxide^ d&eoppiT; 

Platinum. — ^According to Fettenkofer^s(2) obsogiations, pla- 
tinum is much more diffused, than was hitherto bel]^d; all the 
silver which has not been obtained by direct process^^f separation 
is stated to contain a small quantity of platinum. 

J. Hcss(3) recommends the following -treatment of platinum 
ores. The ores are fused wit|i 2 or 8 times their w^eight of zinc ; 
the homogeneous brittle mass thus obtained, is powdered, sifted, 
and treated with dilute sulphuric acid, when most of the iron 
and fdne is extracted. The residue is then boiled with nitric acid, 
which removes iron, copper, lead, and sometimes palladium; and 
finally with aqua regia, in which it is easily soluble, on account of 
its high degree of comminution. The solution in aqua regia is sepa- 
rated as usual. 

Blue Oxide of Piatinnm. — Platinum, when immersed into fused 
nitrate of potassa as the negative pole of a galvanic battery, forms. 


(1) Bert. Acad, Ber., October, 1847; Pogg. Ann. LXXII, 556; J. Pr. Chem. XLIII, 
75 ; jbstir. 1848, 138 ; Ann. Qi. Pharm. LXIV, 288. 

(2) Pogg. Ann. LXXIV, 316 ; Ueperfc. Pharm. [2] XLVil, 72. 

(3> Pelersb. Acad. Bull; Vl, 80; J. Pir. Chem. XL, 498 ; Ann. Ch. Pharm. LXIV, 267. 
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according to Hittorf(l)> a blue oxide* He states^ that the blue 
liquid which flows down the platjnum^ when separated from the 
metab is rapidly converted into green and yellow oxide, which 
remain suspended in the nitrate of potassa; after cooling and 
absorbtion of moisture, the green oxide becomes yellow* In nitrate 
of soda the oxidation ensues less vigorously, the blue colour is 
brighter and more brilliant, the blue oxide which is formed gradually 
assumes a yellowish-brown colour. 

BlsiUphlte of ProtoiLlde of Platlnniii and SulphUe of Potassa. — 
Claus(2) has observed, that bichloride of platinum and potassium, 
when heated with sulphite of potassa, yields a colourless solution, 
from which, on evaporation, a white precipitate of the composition 
3 (KO, SOo) + PtO, 2 SO2 + 24 HO is deposited. > Hydrochloric 
acid reconverts it into bichloride of platinum and potassium. 

Salts of Platlnmn-iBases and tbelr Beportment. — Feyrone( 3 ) had 
pointed out the existence of several compounds, which, having the 
same composition (Pt NH3 Cl) as the green salt of Magnus, are 
distinguished from this body by their physical properties ; more 
recently he( 4 ) has examined the deportment of these isomeric com- 
pounds with a solution of sulphite of ammonia; the analytical 
details of this investigation are still wanting, only the results having 
been communicated. — Peyrone states, that the green salt of Magnus, 
when boiled with an equal weight of sulphite of ammonia, was converted 
into a white powder PtN3H^02, 2SO3+2 (PtNHgO, SO2) insoluble 
in alcohol and cold water, and scarcely soluble in boiling water. 
By continued ebullition with an excess of sulphite of ammonia, a 
solution was obtained from which alcohol precipitated drops of a 
viscid body, solidifying only after being for some time in contact with 
alcohol, and of variable composition^ From the alcohol, used in 
precipitating the viscid body, white flakes were deposited after some 
time, having the composition PtN2 H^ Og, 2 SO3 4 - NH4O, SO2. — The 
isomeric modificatipn crystallizing in orange-yellow octohedrons was 
more readily attacked by sulphite of ammonia, two compounds being 
formed, namely, Istly, a white powder insoluble .in water having 
the same composition as the first substance produced in a similar 
manner from the salt of Magnus ; and2ndly, a substance, soluble in 

(1) Pogg. Ann. LXXII, 481 ; J. Pr. Chem. XLII, 469, (in abstr.) j Ann. Ch. Wiann 
LXIV, 248. 

(2) Petersb. Acad. Bull. VI, 287 ; Ann. Ch. Pharm. LXIII, 357 ; J. Pr. Chem. XLII, 
363 ; J. Pharm. [3] XIV, 394. 

(3) Ann. Ch. Pharm. LI, 1 ; LV, 205. (4) Ibid. LXI, 178. 
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iStSnm. proportion in water^ from which it was precipitated by means 
tSSJdf^ of alcohol in form of oily droplets, graduaDy solidifying and present- 
pdrtment. ing the Composition PtN^ 2 SO^ -f 2 (NH 4 O, SOjj). — The 

yellow modification, which may be obtained in ' large quantity, by 
gradually pouring at .13^ small quantities of potassa into a solution 
of protochloride of platinum, neutralized by carbonate of aminonia, 
required, when thus prepared, 83 parts of water for solution. If boiled 
for a sufficient length of time with an excess of sulphite of ammonia,' 
this modification was converted into mall white needles of fatty lustre, 
containing PtN^ Hy 0^ 2 SO^ -f 2 (NH 4 O, SO 3 ) + PtNHg Cl 
+ HO. — The yellow modification prepared by reduction, required 
140 parts of water for solution ; by boiling with sulphite of ammonia, 
an excess being avoided, transparent rhombic tables of a com- 
pound PtNj Hy Oj, 2 SOg-f-PtNHg Cl 2 HO, were formed, whilst 
ebullition with an excess of sulphite of ammonia gave rise to the 
formation of Bockmann^s salt PtN^ Hy Og, 2 SOg. — ^The chlorine- 
compounds obtained by treating the above isomeric bodies with 
ammonia, were converted under the influence of sulphite of ammonia 
in the cold, into a substance crystallizing in four-sided prismatic 
transparent needles, scarcely soluble in cold, but soluble in 190 
parts of boiling water, and containing, when dried at the ordinary ' 
temperature, PtNHjj O, SO 2 + PtNg Hg O, SO^ + 2 HO. When 
boiled, the same chlorides yielded Bockmann^s salt, ammonia bSing 
evolved. *■ 

llaewsky(l) has examined several compounds, which>= are also 
derived from the green salt of Magnus PtNHgCl. According to the 
temperature and concentration of the liquids, tha latter tms obtained of 
different colours, but of constant composition on adding ammonia to 
a hydrochloric solution of p|otoc)Pj^ide of platinum. — According 
to the statements of Or os, this comniij^d, when treated with boiling 
nitric acid, is converted into meta|p jplatinum, and a white crys- 
talline salt PtN^H^Gl 0 , NOg. Baewsky, on the other hand, finds 
that the separation of platinum is accidental, being due to the use 
of specimens of Magnuses salt, which have been partly decomposed 
by too much heat, and that the salt olt Oros is formed only by the 
action of a small quantity of nitric aoid. When treated with an 
excess of nitric add, the green salt is stated to turn immediately 
brown, red vapours being evolved. If the liquid was boiled untd 

(1) Ann. Ch. Pliys. [3] XXn,278 (compl.); Compt. Rend. XXIII, 353, (in abstr.); 
XXIV, 1151; Ann. Ch. Pharm. LXIY, 309; LXVIII, 316; Gerhardt’s Observations, 
3. Pharni. [3JXIV, 315. 



PLATINUM. 


349 


the latter ceased to be disengaged^ when the conversion of the green 
salt was completCj the liquid deposited^ on cooling, a white granular 
salt, which after repeated solution in warm water, and crystallization 
in vacuo, exhibited, when dried at 120 ®, the composition Pt 3 N 4 Hi 2 C 105 , 
2 NO 3 . The solution of this salt, when mixed with tribasic phos- 
phate of soda, yielded (sooner or later, according to the use of boil- 
ing concentrated, or cold dilute solution) acicular tufts of a white salt, 
insoluble in cold, and hardly soluble in boiling water, and containing 
Pt 2 N 4 Hi 2 C 105 , HO, PO 5 when dried at 100®, while at 120® to 160® 
the water was lost. By decomposing the nitrate with oxalate of 
ammonia, a white granular powder, difficultly soluble, even in boiling 
water, was separated, which at 120 ® was represented by the formula 
Pt 2 N 4 Hj 3 G 10 g, 2 C 2 O 3 . Addition of carbonate of ammonia, to a 
solution of the nitrate, produced sooner or later, according to the con? 
centration of the solution, a white precipitate, Pt 2 N 4 Hi 2 C 105, 2 CO 3 (at 
120®). With hydrochloric acid, the nitrate gave a white granular 
precipitate soluble in water, which, at 120 ® was expressed by the 
formula PtNgHgClO, Cl or Pt 2 N 4 Hi 2 Cljj 02 ,Cl 2 , clearly proving that 
this compound ceases to belong to the preceding series. 

The mother-liquor obtained in the preparation of the nitrate of the 
preceding series, contains, according to Baewsky, another salt, which 
crystallizes only from very concentrated solutions. He states that, 
after repeated recrystallization in vacuo, it forms small brilliant needles, 
of the composition Ptg N4 CI3 O4, 2 NOg (or PtN 2 He CIO3, NOg.) 
Fotassa-solution had no action upon this salt in the cold, when boiled, 
it assumed a yellow colour, a precipitate being formed, which, on 
ebullition, dissolved again with evolution of ammonia. A solution 
of silver produced no precipitate. The precipitate obtained by the 
action of hydrochloric acid upon the nitrate of the first series, might 
be considered as belonging to this second series. 

By gradually adding bromine to a pretty concentrated and boiling 
solution of the compound Pt N 2 Hg Cl (either the yellow modification 
prepared according to Beiset^s, or the colourless one obtained by 
Peyrone^s method), a crystalline precipitate was immediately pro- 
duced ; an excess of bromine having been added and expelled again by 
ebullition, crystals were deposited, represented by the formula 
PtN 2 H 6 Cl 2 Br, which proved that its formation is attended by no 
substitution. This compound was of an orange colour and nearly 
insoluble in cold water ; with silver-solution it gave a precipitate of 
chloride and bromide of silver. 

The action of chlorine upon a cold dilute solution of PtN 2 HgCl 
gave rise to the formation of a yellowish compound, represented at 
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platinum, formula PtNg Ug Clj, HO ; while, iu the boiling concen- 

thiSde? solution, the yellow chloride PtNg HgCl, Cl of Groses series, 

portmant. which is almost insoluble in water, was produced. 

palladlnm. Protoelilorlde of Palladium and Ammonia.— Prdm a 
memoir of N. W. FiBcher(l) on palladium, we quote that the red mo- 
dification of protochldride of palladium and ammonia PdCl, NH3 is 
converted into the yellow one by solution in ammonia, .and precipita- 
tion with hydrochloric acid ; the yellow crystals, when dissolved in 
boiling hy^ochloric acid and reprecipitated by ammonia, assume 
again the red colour. 

Ruthenium. Sulphite of Protoxide of .Ruthenium and Potassium. 

— Sesquichloride of ruthenium and potassium, according toClaus(2), 
is not dissolved in aqueous sulphurous acid at the common tempera- 
ture, its colour only undergoes a superficial change to cream-yellow. 

, A solution of this salt, when heated with sulphite of potassa, 
assumed a red colour, and deposited a cream-yellow precipitate. On 
evaporating to dryness, re-dissolving, and re-evaporating, an additional 
quantity of this precipitate was formed, the liquid retaining a deep 
orange colour. After repeated evaporations, and re-solutions, at last 
a nearly white precipitate remained, which was, however, not siufficient 
for examination. The cream-yellow compound was KO, SOj -f RuO, 
SOj. 

Irkdium. Senciulchlortde of Iridium and Protochlorlde of dllver. 

“Clau8(8) states, that nitrate of protoxide of silver produces in 
solutions of sesquichloride of iridium and potassium, a deep indigo- 
blue, fiocculent precipitate, becoming paler after a few seconds, and 
ultimately colourless; the supematent liquid is likewise colourless 
and free from iridium. The precipitate contains Ir^ CI3 + 3 Ag CL It 
is insoluble in acids, in contact.with strong ammonia a portion dissolves, 
while the other portion gradually assumes the form of (microscopic) 
rhombohedrons of diamond-lustre. — ^The above double compound is 
formed at once, without the production of the blue colour, if a boil- 
ing solution of the sesquioxide of iridium and potassium be employed. 

Action of Sulphurous Acid and Sulphite of Pdtassa on Bichloride 
of istdium and Potassium.— Glaus has farther observed, that if finely 
powdered bichloride of iridium and potassium suspended in eight 

(1) Pogg. Apn. LXXI, 431 ; Ann. Ch. Pharpi. LXIV, 260, (in abstr.) 

(2) Petersb. Acad. Bull. VI, 288 ; Ann. Ch. Pharm. LXIII, 359 ; J. Pr. Chem. XLII, 
364; J. Pharm. [3] XIV, 394. 

(3) Petersb. Acad. Bull. VI, 27^; Ann. Ch. Pharm. LXIII, 337 ; J. Pr. Chem. XLII, 
348 ; J. Phannl [3] XIV, 385. 
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times the weight of water, be treated with a current of solpha- 
rous acid, until a solution of an olive green colour is obtained, the jjj}^ 
bichloride is reduced to the state of sesquichloride, sulphuric and 
hydrochloric acids being formed; admixture of platinum, palla- ^chloride 
dium^ osmium^ rhodium^ and ruthenium are left undiasolved. andpota?. 
Neutralization of the free acid, with a concentrated solution of 
carbonate of potassa, produces at once an olive-green precipitate of 
small prisms, of diamond-lustre, which have the composition Ir2 Clg 
4 * 3 KCl + 6 HO. The same salt, but less easily, is obtained by 
exposing to a dull redness, bichloride of iridium and potassium or a 
mixture of this salt with 4 its weight of carbonate of potassa, and ex- 
tracting the product of fusion with water. — ^Thc crystallized salt rapidly 
effloresces in dry warm air, it is easily soluble in water, but insoluble 
in spirits of wine ; the alkalies decompose it only with difficulty. 
Addition of nitrate of protoxide of silver to the aqueous solution 
precipitates at once Irg CI3 -f 3 Ag CL — The solution of bichloride of 
iridium and potassium, reduced by means of sulphurous acid, and 
from which the largest quantity of the above salt has been precipi- 
tated by carbonate of potassa, retains the olive-green colour at the 
ordinary temperature, when heated for some time, it turns red, and 
afterwards bright yellow, various compounds being formed, of which 
mixtures are obtained on evaporation or addition of water to the 
concentrated solution. They can be purified only with difficulty; 

Claus succeeded in isolating a rose-red crystalline salt, an amber- 
yellow compound of turpentine consistency, and a white powder, all 
containing potassa, sulphurous acid, cUorine and protoxide of 
iridium; they are difficultly soluble in water, and evolve, when 
strongly heated, sulphurous acid; in hydrochloric acid they are 
pretty soluble with disengagement of sulphurous acid, easily soluble 
crystalline salts being formed. 

The red salt is prepared by dissolving one part of Ir^ Clg +3 KCl 
+ 6 HO in 12 parts of water, adding i a part of carbonate of potas88| 
perfectly saturating with sulphurous acid, and heating in a porcelain 
dish until the olive-green colour is changed to red; the solution 
deposits, after some days, small flesh-colouled or minium-red prisms, 
which are partly decomposed when re-dissolved in water. These 
crystals are more soluble in potassa than in water; the solution, 
bright-red in the cold, assumes a dark green colour on heating, 
which turns again yellow on addition of nitric acid (a small quantity 
of a white precipitate being formed). The crystals contain water, 
which is disengaged at 180 "; when dried in the air, they are Ir^ CI3, 

4 (KO, SO2) -f 12 HO. This salt dissolves with a yellow colour in 
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hydrochloric acid ; on concentration^ sulphurous acid is disengaged^ 
the solution assuming a red colour^ and depositing deep-red prisms 
of diamond-lustre^ which turn opaque and yellow when moistened 
with water. The red prisma dissolve in water with a yellow colour, 
but are insoluble in alcohol; they contain water of crystallization, 
which is disengaged only with difficulty at 180 ^ ; their composition is 
represeiited by the formula Ir^ CI3, 2 KO, 2 2 KCl + 4 HO ; 

Claus is inclined to consider both the two preceding compounds and 
the following body as salts of protoxide of iridium *with a peculiar 
acid, 83 O4 Cl.-— The purification of the amber-yellow, turpentine-like 
compound is extremely difficult. Claus succeeded several times, by 
evaporating to a very small volume the mother-liquor of the former 
of the two red salts previously mentioned, decanting from a mixture 
of a white and red salt {vide infra), which is deposited, concen- 
trating still further, and adding considerable quantity of water ; 
a whitish-yellow, flocculent precipitate is formed, which collects at 
the bottom of the vessel as a dingy-whitish viscid mass. It is dis- 
solved by ebullition, and the solution filtered whilst hot, when the 
compound separates after some days as a beautiful amber-yellow, 
transparent, turpentine-like mass, dcssicating to an amorphous, 
brittle, transparent substance, which yields an olive-yellow powder ; 
this compound contains 2 IrO, 4 KO, 6 SOg, Cl. — ^The formation 
of the preceding compound is attended by that of a white salt ; it 
is* obtained, though always in small quantity only, by adding a con- 
siderable quantity of sulphite of potassa to the solution from which 
the former of the above red salts has been deposited, and evaporating 
to a small bulk, when the white powder is precipitated, which has 
to be. washed, until the precipitate produced in the washings by 
chloride of barium, is perfectly soluble in hydrochloric acid. The 
^bite powder is insoluble in water, slightly soluble in potassa ; it 
contains 3 ^j^O, SO3) -flrO, 2 SOg+fi HO ; dried at 180 ® it becomes 
smhydrous. Hydrochloric acid dissolves it with a yellow colour; 
the solution dwosits pale-yellow prisms, easily soluble in water, and 
containing 3 KCPlylrO, 2 SOg. • \ 

Osmtuiii. Bisulphite * ef Protoxide of Osmium and Sulphite of 

Potas8a.-*FiiieIy^divided bichloride of osmium and potassium, according 
to Clau8(l), IS npt a^cted by sulphurous acid in the cold; on heating, 
howevei:, ^decomposition takes piaoe; the*solution assumes a dark 
green cffioiir, black binoxide of dsmidgi being separated, and deposits 


(1) Petcisb. Acad. Bull. VI, 285 ; Aim. Ch. Phanh. LXIII, 355 ; J. Pr. Chem. XLI1, 
361 ; J. Phann. [.3] XIV, 30? 
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after filtration^ upon coolings undtered bicUoride of oaimiuni and ^ 
potassium. .A solution of ^s salt^ 'when heated with suljphite of 
potassa^ turns at first dark-^ afterwards bright- rOie-red^ . and ulti- 
mately colourless^ a white powder being precipitated^ which is diffi- 
cultly soluble^ and undergoes decomposition at '^lSO^^ when it becomes 
dingy violet. When dri^ at 100^^ this powder contains 8 '(KO, SO^) 
4-OsO, 2 SO 3 + 6 HO. Hydrocbibric acid converts it^into #brown- 
red crystalline salt^ SKCl+OsO^ 2 80,^ which^is e^y . soluble. ’ 
In cases of poisoning by osmiO acid^ Glatts reconunends the imme- 
diate inhalation of hydrosulphpric acid. \ 

oaman-osmic Aeltf. — Fritzscbc and Struve(l) have communicated 
the investigation of an acid containing osmium; nitrogen^ and 
oxygen, which they consider as osmic acid conjugated with nitndc 
of osmium, and for which they have proposed the term osman-osmic 
acid. In the formation of a nitridnof osmium, OsN, a decomposition 
should ensue between OSO 4 and NH 3 3 Fritzsche and Struve have 
no notion what becomes of the fourth equivalent of oxygen ( 2 ). 

The new acid is formed by the action of ammonia on osmic acid ; 
the potassa-salt is easily formed by addition of ammonia to a solutioA 
of osmic acid in excess of potassa; the deep orange-yellow colour** of" 
the solution becomes bright yellow, when the newly formed salt is ’ 
deposited as a bright yellow crystalline powder, either at once, ^ pp> 
evaporation at a gentle temperature. Osmic acid and ammonia give 
rise to the formation of the new acid also without the presence of , 
potassa, but as the anhnonia-salt is readily decomposed on evapo-^ 
ration, it is advisable to add bases, such as potassa, or protoxides of 
zinc and silver, which form more stable, and less soluble compounds. 
The salts of this acid, with thq exception of the salt of sub^de of 
mercury, detonate on heating. The acid may be separated from the * 
baryta-salt by dilute sulphuric acid, from the silver-salt, when 'stills' 
moist, by dilute hydrochloric acid ; it forms a bright ye%w solution, 
which, when dilute, may be kept unchanged for several days ; when . 
concentrated, however, it rapidly turns brown, witl|[ ev^ution of 
gas, liberation of osmic a^ and separation of a^hhck compound 
containing osmium. An " aqueous solution of osmah-osmie acid 
decomposes the carbonates, ^d even chloride of ^o^situn; it dis^^ 
solves metallic zinc with a idight evolution of gas, Wngitseif partially 


(1) TeUnh. Acsd. BsU. VI, 81 j J. Pr. ifbem, XLI, 97 ; Ann. Ch. Phnrm. LXIV, 
263 (in abstr.) ; J. Pharm. [3] XU, 304. 

(2) TIub difficulty induced Gerhardt ,to adopt the fonxmla, OssO|N, ^.Phanm (33 

XII, 304). ‘ ' 
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oraicSctd. decomposed. Sulphuric, uitric, isiid hydrochloric acid, do pot 
act upon osman-osmic acid in the cold j when heated the solution 
turns brown, osmic acid being liberated.— The potassa-salt is pre- 
pared either as indicated, or by dissolving solid osmic acid in a 
mixture of ammonia and concentrated potassa-solution, when it is 
deposited as a granular precipitate at the same rate as the acid 
dissolveii. This salt is deposited from a saturated solution in boiling 
water/ in form of square-prismatic crystals P. 2 P go ; principal axis 
for P = 1’1886 j lateral edges=116® B' ; terminal edges = 106^ 16'. 
The composition of this salt is KO, (OsN, OsOJ ; it may be heated 
to 180®, when it slightly darkens; at a higher temperate it deto- 
nates. In the reaction of concentrated hydrochloric acid upon this 
salt, chlorine or an oxide of chlorine is evolved, the solution assumes 
a beautiful purple-red colour, while the crystals of the original salt 
are coated with a layer of two .kinds of small red crystals, the 
formation of which increases until the original salt has perfectly 
disappeared. A cold saturated solution of osman-osmiate of potassa 
is not decomposed by dilute hydrochloric acid. On being heated the 
solution exhibits a transient red colouration, and then turns brown, 
with evolution of osmic acid; when boiled until this evolution 
ceases, and evaporated to crystallization, a red salt and two green 
salts jire deposited, the one crystallizing in needles, the other in sb^? 
sided tables ; all these salts appear to be decomposed upon re-solution 
in water, and could not be examined more minutely. — Osman-osmiate 
of soda, prepared by decomposing the sil<^er-salt with chloride of 
sodium, is easily soluble, and crystallizes from the >ayrupyfiii 6 lution 
in crystals of considerable size, which contain wat^Wcryitallization. 
— The ammonia-salt, obtained by treating the silviP^t with chloride 
of ammonium, forms large crystals apparently isomorphous with 
those of the potassa-salt ; they are easily soluble in water and alcohol, 
and detonate at 125®. — ^The baryta-salt was prepared in a similar 
manner, by decomposing the silver-salt with chloride of barium; the 
solution, when evaporated over sulphtiric acid, deposits yellow 
brilliant crystals, which are easily solulfle^ in water, a^d , detonate 
at 150® ; composition BaO, (OsN, OsOJ.-^Th® zkii^^t, which is 
easily soluble, was not fully examined^;, it forms a- compound with 
ammonia, which is obtained by dissolving qsiw in an ammo- 
niacal solution of a zinc-salt, or by addi^;^^ rinc-salt to an ammo- 
niacal solution of osmic acid, when a ta^^liit-yellow crystalline powder 
is separated after k very short tttdC, which is permanent in the air, 
but decOp^Osed by wateir. Dried in the air its composition is 
ZnO, (Os!N, OSO 4 ) Cadmium exhibits an analogous 
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Beportment. — On addition of nitrate of protoxide of lead to an 
dcoholic solution of the potassa-'or ammonia*Balt a yellow crys- 
:alline precipitate is obtained^ which darkens during washing, and 
5ontains probably 2 Pb 0, (OsN^OsOj. Acetate of protoxide of lead 
produces with the osman^osmiates, a precipitate, which, at first 
lingy yellow, turns purple-red after some time; a solution of 
>rotochlQride of lead yields with osman-osmiate of potassa a yellow 
crystalline precipitate, containing equal equivalents of osman-osmiate 
ind protochloride of lead. The salt of suboxide of mercury is 
>btained as a bright-yellow amorphous precipitate upon mixing the 
potassa-salt with nitrate of suboxide of mercury ; by application of a 
gentle heat it may be volatilized. — ^By decomposing the silver-salt 
with protochloride of mercury a solution is obtained, depositing after 
some time prismatic crystals which are rapidly blackened with 
liberation of osmic acid. — Osman-osmiate of protoxide of silver 
AgO, (OsN, OSO4) is prepared by dissolving osmic acid in an am- 
moniac^ silver-solution, and adding an excess of nitric acid, or by 
mixing an ammoniacal solution of osmic acid, first with excess of 
nitric acid, and then with a silver-salt, or lastly, by precipitating a 
soluble osman-osmiate with nitrate of protoxide of silver; osman- 
osmiate of protoxide of silver is a yellow crystalline powder rather 
difficultly soluble in water and cold nitric acid, rcadUy soluble in 
ammonia; even when protected from light it blackens after some 
time ; it detonates at 80^ and by percussion. 
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OenevalltlGi. inflaenee of Time on the PormafloB of Chemical 

Componndfl. — ^Li6big(l) has investigated the influence of time on the 
formation of chemical compounds. Alcohol^ saturated with oxalic acid^ 
deposits on cooling a portion of the acid in crystals ; if the solution 
be exposed for some time to a temperature of 40^ to 50^ the quan- 
tity of crystals deposited on cooling is gradually diminished^ and 
after the lapse of several months the solution altogether ceases to 
crystallize on cooling. Long before this point is reached^ considera- 
ble quantities of oxalic ether^ and oxalovinic acid, may be traced 
in the liquid, and the amount of the former ultimately increases 
to such an extent, that it may be separated by addition of water. 
In a similar manner, hippuric acid and alcohol, give rise to 
formation of hippuric ether. Benzoic acid is not etherified by 
hoi alone; the transformation, however, ensues on addition 
drops of fuming hydrochloric acid, or of alcohol 8atu$ii|d| w 
hydrochloric acid gas. The formation of acetic and Qena:d||i0 ethers, 
in old wines, appears to take place in a simiUir manner. : 

Fermentation and PutrefaeUon.— A memoir has beexi^ubliflikedby 
Liebig(2) which treats of fermentation, and allied phenomena." 

We point out the following of his views and observations. Liebig 
calls putref actum every process of ddSiompdsitkm which^ caused by 
external influences, in any part of an organic compound^ pioceeds 
throughout its entire mass without tho^fl^er oo-operatum idf the 
original cause; fermentation, according to his fleflflition, is the 
decomposition exhibited in the presence of putrefying substances, 
or ferments, by compounds, nitrqgeno^ or npn-nitrogenpus, which 
alone are. not capable of putrefaction. He dis^ both 

puMTaction and fermentation, processes in ivhidiM^the miy^ of t^^ 




(1) Ann. ChsBu. ttad Phami. LXV, 850. ^ 

(2) LtiMgt Poggsnderff, sad WdhlarV HaadwOiierBacb III, 217. 
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atmosphere continually co-operates^ from such as cire accomplished 
without farther access of atmospheric air. In lactic fermentation 
(of sugar with chalk and cheese), mannite(l) invariably is produced 
as a secondary product, the formation, of which is not explained : it 
may be obtained by precipitating the motherJiquor of the lactate of 
lime by means of oxalic acid, evaporating the acid liquid to syrupy 
consistence, and treating the residue with boiling a}|phol, when, on 
addition of ether, mannite is separated. A solution of lencine, when 
in contact with the atmosphere, is rapidly decomposed upon addition 
of a trace of putrefying fibrin; the solution contains a considerable 
quantity of valerianate of ammonia. Leucine does not undergo 
decomposition without the addition of putrefying fibrin.— ;Fibrin, 
when covered with a thin layer of water, and exposed to the atmos- ' 
phere until putrefaction is accomplished, is found to be converted 
into a fluid, which exhibits the deportment of a solution of albumin ; 
on ebullition a coagulum separates, possessing the colour and all the 
properties of coagulated white of egg. 

Liebig opposes the view, which considers putrefaction and fermen- 
tation as the result of vital processes, f. i., of the development of 
vegetal formations, or of microscopic animals : he adduces, that no 
traces of vegetal formations are perceptible in milk, which js left for 
some time in vessels carefully tied over with blotting-paper, not even 
after fermentation has regularly set in, a large quantity of lactic 
acid having been formed. He. farther remarks, that of fermentative 
processes, alcoholic fermentation having been studied too exclusively, 
the phenomena observed therein had been generalized, while the 
explanation of this process ought to be derived rather from the study 
of fermentative phenomena of a more general character. Liebig 
communicates that some experiments have been made by Traut- 
schold respecting the faculty exhibited, according to observations of . 
Brendecke(2), by porous substances (straw, paper, charcoal, flowers 
of sulphur, &c.), of inducin^alcoholic fermentation in a grape-sugar- 
solution, to which some tartrate of ammonia has been added. Fer- 
mentation observed under the circumstances adduced, is due to the 


(1) The fonnation of mannite is, perhaps, connected with the production of succinic^ 

add, which Schmidt, in a letter to Liebig, states that he has found in fermenting 
liquids (containing angar). For: ^ 

Cg Hg Og + C4 Hg 0^ C|2 Hu Ou» 

Mannite. Sucdnic add. Grape-sugar. 

(2) Arch. Phaam. [2] XL, *10; Bet<zelitti’ Jahresbericht, XXV, 741 ; XXVI, 728. 
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prea^ce, in the sugar-solution^ erf a' foreign aubstance^ which may 
pagjflw- be removed by treating it with ignited bone-black. After repeated 
treatment in this manner^ solution Of grape-sugar^ with or without 
the addition of tartrate of ammonia^ ceases to ferment under the 
influence of one of the afore-mentioned porous substances. On the 
other hand^ the bone-black, from which the sugar has been only 
partially remoiipd^ exhibits alcbholic fomentation at ^18^ to 20^. 

Another memoir on fermentation in general has been published 
by Blondeau(l). He propounds the view, that every kind of fer- 
mentation is caused by the development of fungi. Blondeau states, 
that alcoholic fermentation is due to a fungus, which he denotes 
Torvul(i ceremsias; whilst another, Penicillium fflaucum, gives rise 
to lactic fermentation. The latter fermentation follows the former 
in a mixture of 30 grm. of sugar, 10 grm. of yeast, and 200 c.c. of 
water, which has undergone alcoholic fermentation at a temperature 
of about 20®, being terminated in about two days. Beer-yeast, 
when left in contact with water in a dark and moist place, contains, 
according to Blondeau, germs both of Torvula cereviske, and of 
Penicillium glaucum ; the former can be separated by a filter, and 
will induce alcoholic fermentation in sugar-water, whilst the latter 
are extremely minute, and pass through the filter : the filtrate, mixed 
with sugar-water, gives rise to lactic fermentation. Acetic fermen- 
tation is due to the development of Torvula aceti ; sugar is converted 
into acetic acid, without evolution of gas, if 500 grm., dissolved in a 
litre of water, be mixed with 200 grm. of casein, and confined in con- 
tact for a month at a temperature of about 20®. The conversion of 
nitrogenous substances into fat (f. i., of casein, in the manufacture of 
Boquefort cheese; of fibrin, under similar circumstances), which 
Blondeau designates by the term fatty fermentation {fermentation 
adipeuae), is caused by Penicillium glaucum^ or Torvula viridia ; 
and the former fungus is stated to act likewise in butyric and in 
urea-fermentation (conversion of nrA into a carbonate of am- 
monia). 

G. Schmidt(2) has communicated the following results of his 
experiments on fermentation. Urea, when in contact with yeast, 
is rapidly converted into carbonic acid and ammonia. In the 
presence of a small quantity of sugar, the transformation of urea 
commences only after the decomposition of the sugar. If yeast and 
sugar be used in a certain proportion, a sort of equilibrium is 


(1) Jonrn. Plutrm. [3} XII, 244, 336. 


(2) Ana. Ch. Pharm. LXI, 168. 
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establi^ed ; in the presence of a large quantity of sugar^ urea is 
protected against decomposition^ which ensues, however, on diminu- 
tion of the sugar, — more or less rapidly, according to t]he excess of 
ferm^t present, A certain amount of yeast d^mposes only a 
certain amount of urea. Schmidt observed that a given quantity 
of yeast, when brought into contact with the same amount of water, 
and varying quantities of urea, gai^ rise, during^ a given space 
of time, to the same amount of ammonia. The development of 
fungi is not required for the induction of urea-fermentation, A 
solution of gelatine, when mixed with urea, phosphate of soda, and 
sulphate of magnesia, filtered, heated to ebullition for half an hour, 
and then exposed to a current of atmospheric air, which had been 
passed through sulphuric acid, gave, after the lapse of eight days, 
the same amount of phosphate of magnesia and ammonia, as a 
similar liquid, cateris paribus, when in contact with common 
atmospheric air. Nor arc fungi the primum movens of saccharic 
fermentation : the clear filtrate, obtained by throwing almonds 
crushed in water upon a moist filter, soon induces fermentation in a 
solution of urea and of grape-sugar ; in the latter case, no trace 
of ferment-cells can be discovered under the microscope, not even 
after fermentation is fully developed. If the solution, still containing 
sugar, is allowed to stand eight days, or a fortnight, after fermenta- 
tion has ceased, an exuberant development of cellular ag|;rcgations is 
observed, but no putrefaction ensues : the fungi, well washed, and 
introduced into a fresh solution of grape-sugar, continue to grow 
luxuriantly, inducing, however, if at all, but very weak fermentation, 
which rapidly ceases 5 hence the growth of fungi during fermentative 
processes, is but a secondary phenomenon. The increase of the 
residuary ferment, which occurs after yeast has been in contact 
with sugar, arises from a development of ferment-cellulose, which 
probably takes place at the expense of the sugar. If muscle, 
gelatine, yeast, &c., in a very advanced state of putrid decomposition, 
be introduced into a solution of 1 sugar in 4 water, all phenomena 
of putrefaction disappear : after a few hours, active fermentation sets 
in, ferment-cells I^ing formed, and the liquid contains alcohol, 
but no mannite. The inactivity of crushed yeast is due, not to the 
destruction of the fungi, but to the chemical changes which are 
induced in yeast during the considerable time necessary for complete 
comminution. The crushed cells, introduced into sugar-water, give 
rise to the production of lactic acid, without evolution of gas. 
Schmidt is of opinion, that fermentation is a process analogous to 
the formation of ether. He believes, that one of the constituents of 
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together with the elements of gi^-sugar^ gives rise to the 
f^riiietion .of on^ or several compotiiids, which are ^decomposed in 
* sfiftu (}ike sulidioviiuc acid), spUt^ alcohol and 

cari^onic. add* . . ■ 

S. Wagner(l) also has communicated some- remarks on the 
nature of yeast. He obseirired that the ceUa of upp^^ 
chiefly distinguished from tUbei^ of lower yeasty by being incon- 
tinuous. — He repeated the experiments which have been made 
on the propagation > of yeast; :imd c^ case of upper 

yeasty that it takes place by the expansion of the cellular shelly and 
that the propagation of a newly-formed cell is possible only after a 
nucleus ha^Bg been formed in its interior, whichj however> is not 
derived from the mother-cell. He assumes, that the propagation of 
lower yeast takes place by the escape of the new cells from the 
mother-cell, although he did not succeed in directly observing it. 
Upper yeast, when brought into contact with beer-wort, at a tem- 
perature of 7^, is converted into lower yeast to a considerable 
extent, whilst no formation of upper yeast could be observed after 
addition of beer-wort to lower yeast at 2(y*. Upper yeast, when 
exposed in a watch-glass to the atmosphere, exhibits the vegetations 
observed by Kufzing(2) ; these gradually pass into J^orofricAiim, 
and, lastly, into mucor. Lower yeast, under the same circumstances, 
is at once cj^nvertcd into Mucor* Schmidt^s observation (page 359), 
that the filtrate of almonds crushed in water in<|uces the fermenta- 
tion of grape-sugar, without giving rise simulteheously to the for- 
mation of ferment-cells, has not been corrobSated by Wagner./ 
In his experiments, evolution of carbonic acid, and formati^M 
ferment-celis, invariably ensued at the same -time. INfor does W 
ner agree with Schmidt^s stateuXent, that washed ferment-fungi 
continue to grow when introduced into^ a fresh solution of grape- 
sugar, inducing either none or only weak and transient fermentation. 
He enquires whence the protein-substance necessary for the vege- 
tation of -the yeast, could have been dc^vedin thk case.-^^ 
examined, in what manner the faculty in yeast of inducing fer- 
mentation in a solution of grape-spgi^ in mrit-extract, is afiected 
by various agents. Yeast, dned at 106°, and powdered, ceased to 
exhibit, under the microscope, the fdrm of ceUs, and fer- 

mentatiotf|%^ thirty-six hours. Small quantities of strong 
mineral^ prevent fermentation, with the exception, however, of 

(2) Ibid. 390. 
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phosphoric acid, which appean tot it. The produced. 
by organic acids is variable: butyric acid seems tc aid; by 
ing alcoholic fermentidiou/ probably induced preWouslyi ' M butyi 
ric, — common yeast being converted into butyric acid fmni^t. 

Small quantities of acetic, tartaric, and espedally ^ic acid, exert 
the most favourable influence on '^the propagation of the ferment- 
cells. Fermentation is interruptdi^'by even dilute solutions of 
alkalies, of soaps, and of chloride of lime, but is not affected by 
dilate solutions of quinine and strychnine, nor by small quantities of 
free sulphurous acid. Yeast is destroyed by sulphate of protoxide of 
^ iron, or of zinc, and by protochloride of mercury, but resists the action 
of sulphate of protoxide of copper, arsenious acid, and tartar emetic. 

Lastly, Wagner analyzed yeast prepared according to Schloss- 
berger^8(l) method (washing, pressing through linen, and exhaus- 
tion by alcohol and ether), and dried at 100^. He obtained the 
following average results corresponding with those of Schlossberger. 

Carbon. Hydrogen. ' Nitrogen. Oxygen. Ash. 

' . r— 

Upper yeast . 44*87 6*04 9*20 40*39 

Lower yeast . 49*76 6*80 9*17 28*97 5*29 

Finally, experiments on putrefaction and fermentation have been 
performed by Dopping and Struve(2). They do not confirm the 
results of Helmholz(3), who states that organic substances (grape-^ 
sugar, gelatine-solution, flesh, &c.), may be secured against putrefac- 
tion, when heated with water until ebullition ensues, if the vessel be 
^closed so as to allow but the access of ignited air. Dopping and 
l^bfei^ye find, that all nitrogenous organic substances undergo decom- 
position even under the influence of ignited air, but that the pheno- 
mena are only retarded and changed by the effect of ebullition. 
Helmholz had observed that the fermentation of grape-juice is 
not communicated to another portion of grape-juice which is 
contained in a vessel closed by bladder and introduced into the 
fermentiibg liquid. In repeating this ^experiment, Dopping and 
Struve once . remarked a slight evolution of gas in the cohfihed 
sugar-solution, and afterwards also the formation of ferment-cells, 
whilst the surrounding liquid was iii a state of fermentation ; 
in other experiments, however, this could not be observed again. 

(1) Ann. Chea, Pharno. LI, 193. 

(2) Petersb. Acad. Boll, VI, 145 ; J. Pr. Chcm. XLI, 255. 

(3) J. Pr. Chem. XXXI, 429 ; Berzelias* Jahreabericht, XXV, 805. At lui eaiiicr 
period, Schwann had obtained similar reanlta.’ 



ORGANIC CHEMISTRY. 


362 

corro|)orate Gay-Imssac^s statement, that grape-juice, 
expressed with exclusion of air, is protected from fermentation, which 
ensues, however, after the access of a small quantity of oxygen. The 
atmospheric air was expelled in various ways, by hydrogen and by 
carbonic acid, from the vessel in which the grapes were pressed ; 
fermentation, however, invariably took place. They are inclined to 
explain this discrepancy by a different space of time having elapsed 
between collecting and pressing the grapes, which might have influ- 
enced their subsequent deportment. Brendeoke^s statements (comp, 
p. 357) were confirmed so far as by the introduction of porous sub- 
stances, both with and without tartrate of ammonia, phenomena of 
fermentation were induced in a solution of grape-sugar ; they could 
not, however, trace any alcohol in the fermented liquid, but observed 
the formation of an acid. 

Gyanoaen ana Gyanoaen-Compounds. Gyanosen and Pa- 
racyanoaen. — H. Delbruck(l) has performed some experiments on 
the important subject of the formation of cyanogen. He confirms 
the statements of Desfosses and Fownes, inasmuch as a weak but 
distinct formation of cyanogen was observed on igniting sugar-char- 
coal with carbonate of potassa in an atmosphere of nitrogen. Cyanide 
of potassium was moreover obtained by passing binoxide of nitrogen 
over the compound of potassium and carbonic, oxide in a state of 
ignition, or bj fusing potassium in an atmospnere of carbonic acid 
and ammonia, or of carbonic acid and nitrogen, and lastly by fusing 
potassium with pieces of carbonate ^of ammonia. (2) 

Paracyanogen^ according to Delbriick, fiAQjlP prepared in a state 
of purity only by heating dry cyanide off^ hydrocyanic 

acid be passed into a solution of cyanf or if a small 

amount of sulphuric acid be added to r ^^j^atted solution of this 
salt, a brown paracyanogen-like body ^^Fp^ )^ced in considerable 
quantity. In contradiction to H. Thaulow aim in accordance with 
Liebig, Omelin, and Bommelsberg, tl^e gas evolved on heating 
cyanide of silver, was found in no way differing from ordinary cyano- 
gen ; the residuary paracyanide of silver, when powerfully ignited, 
is decomposed into metal, which retains a small and varying amount 
of carbon, and a mixture of 1 vol. of nitrogen and 1*66 vol. of 
cyanogen. It contains no mellonide of silver, inasmuch as no mello- 

V 

(1) J. Pr. XLl, 161 ; Ann. Ch. Phann. LXIV, 296. 

(2) PossoMRd Boissiere, as will be uentione^n onr Bepoft on Technical Che- 
mistry, hare founded a process of manufiietiiringfllrrocyanide of potassium upon the 
formation of cyanogen at the aapense ol'atmosphei^BifigOgett. 
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nide of potassium is produced by fuaibn with Bidpboeya&ide of::^ 
sium. Paracyanogen prepared from i^auide of mereairy ailver, 
is not changed by nitric add^ whife the brown iubstdaoe/l^^ by 
the action of cyanide of potassium on hydrocyanic acid is partly 
soluble therein ; the sdution is partially precipitated by wat^> more 
completely by salts of protoxide of direr or of lead imd by ammonia. 
If a solution of paracyanogen in nitric acid be evaporated to dryness, 
the residue being gently heated, it is converted into a pale yellow 
substance, which is soluble in nitanc acid and reprecipitated by 
water. 

On heating cyanide of mercury, only about -rV of its cyanogen 
remains as paracyanogen, which when ignited in a current of carbonic 
acid or nitrogen, is converted into pure cyanogen ; other paracyano- 
gen-bodies leave, under these circumstances, a small quantity of 
carbon. On ignition in hydrogen, hydrocyanic acid and ammonia 
are evolved with deposition of carbon : 

2 C 3 N + 4H = CaNH + NH 3 -h C. 

Paracyanogen, when heated in dry chlorine gas, gives rise to the 
formation of solid chloride of cyanogen. In one instance, a white 
substance was solidified, which was soluble in water, and in which 
the presence of cyanogen and chlorine could be traced only after 
fusion with carbonate of soda. Sulphur is without action on para- 
cyanogen. 

Hydrocyanic Acid. — •Mohr(l) has shown that on distilling 1 part 
of ferrocyanide of potassium, J part of sulphuric acid, and the proper 
quantity of water, to dryness, 57 — 59 per cent of the hydrocyanic 
acid are obtained, which corresponds to the cyanogen of the cyanide 
of potassium. On distilling in a current of water-vapour, 86'49 per 
cent passed over; nearly the same amount (85*6 per Cent) on twice 
distilling 3 parts of salt and 2 parts of sulphuric acid. If the 
distillation was -repeated four times, the quantity of hydrocyanic acid 
obtained was more than corresponded to the cyanide of potassium ; 
the residuary sediment amounted only to 21'16 per cent of the salt 
employed, and the filtrate contained a salt of sesquioxide of iron. 
Hence it is impossible^to state how much per cent of the cyanogen 
in ferrocyanogen is obtained iu the form of hydrocyanic . acid, 
inasmuch as it depends altoge&er on the mode of distilling. The 
acid of the Pharmacopoeia should be prepared with the aid of an 
analytical experimentv ' 


(1) Arch. Phsfin. [2] XV, 11. 
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treating an aqueous solution of 
k^'diMyaine acid with chlorine^ and eondensing the vapour disen- 
gaged in this reaction^ after havings passed through a chloride of 
caleiuin tube^ by "means of a frigorific mixture^ Wurtz(l) obtained a 
liquid containing chlorocyanide of hydrogen, hydrodiloric and hydro- 
cyanic acids ; by agitation with 2 or 8 voL of water, the latter com- 
pounds were removed. By another rectification over chloride of 
calcium, the chlorocyanide of hydrogen is obtained in a state of 
purity; it is a colourless, mobile» very pungent liquid, causing violent 
lachrymation, which boils at 20^ and bums with a violet flame ; its 
aqueous solution yields a white precipitate with nitrate of silver. It 
contains CgN3Cl2 H, whence it may be considered as a compound of 
hydrocyanic acid with the chloride of cyanogen C4 CI3. With dry 
chlorine it yields hydrochloric acid and solid chloride of cyanogen 
C6N3CI3. 

liianid Chloride of Cvanogren. — ^Wurtz states farther, that chloro- 
cyanide of hydrogen, when treated with protoxide of mercury (mixed 
with chloride nf calcium and well cooled) and distilled after some 
hours in the water-bath, yields a colourless liquid, likewise powerfully 
attacking the eyes and the mucous membrane, which boils at 16 ^ and 
solidifies at — 7 ^ to a crystalline mass. The vapour is not inflammable ; 
the solution in water is not affected by nitrate of silver. Potassa 
gives rise to the formation of cyanic and hydrochloric acids, or rather 
of carbonic acid, ammonia, and chloride of potassium. The formula 
is C4 Nj CI3. 

Cyanide of Potassium. — In the preparation of cyanide of jgpihririum, 
a grey product is frequently obtained, if the mixture oPferrocyanide 
of potassium and carbonate of potassa be exposed to a bright red 
heat, until the mass is in a state of quiet fusion. This may be 
avoided, according to Clemm(2), by reiubving the crucible Irom the 
fire as soon as the dull-red-hot mass appears clear and a sample taken 
out is perfectly white ; the evolution of gas having ceased, the depo- 
sition of the iron may be accelerated by gentle percussion, and the 
cyanide of potassium passed through a finely perforated hot iron 
spoon, and collected in a tall, smooth-walledr vessel of silver, iron 
or porcelain, in which it is allowed to cool slowly. Grey cyanide of 
- potassium may be added in new fualbns, and treated by the above 
process, when it^^^ become white. 

cyanate of Potassa. — Clemm(8) recommends for the preparation 

(1) Compt. 43Sr ; Ana. Ch. Pliann. LXIV, 367. 

(2) Ann. LXf, 9SP. (3) Ibid. LXVI. 382. 
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of cyanate of potassa^ to Aw 8 

and^ parts of carbonate oApotw«> a^. to intl^Uee gredually kite 
this mixture^ somewhat coded after Asdoo, bnt ittill liquid, -16 parts 
of minium, care bdug taken to avoid too considerable a rise of tem- 
perature. The crucible is now placed once move in the ftpe, and 
the mass well atirred, poured out and allowed to cool. If the salt is 
to be used for the preparation d urea, the mass is directly saturated 
with cold water and mixed with sulphate of ammonia (8 parts, if the 
above proportions have been employed), which may be dissolved in 
the washings. The mixture is evaporated and treated in the usual 
manner. If ferrocyanide of potassium should be present in the 
alcoholic solution, it may be separated by carefully adding sulphate 
of sesquioxide of iron, and pouring off the clear solution from the 
Prussian blue which forms; 4 parts of anhydrous ferrocyanide of 
potassium yield 4 — S parts of urea. 

cvaiiide of JLead.->-L. Kugler(l) has examined the yellowish-^white 
precipitate, which, on addition of hydrocyanic acid and ammonia, is 
produced in a solution of basic acetate of lead, and which hitherto has 
been considered to be Pb Cy. He proposes the formula Pb Cy, Pb 0, 
HO, which does not, however, agree with the results of his analysis. 
He found 87'28 per cent of lead, 6*07 of cyanogen, and 1*68 — 1*80 
of water. If the water be considered as belonging to the compound, 
these numbers agree best with the formula 3 PbO, Pb Cy, HO, 
whMi requires 87*5 of lead, 5*4 of cyanogen, and 1*8 of water. 

Double Compoiiuds of Cyanide of in ercurv* — H. Custer (2) has 
added some new members to the numerous class of double com- 
pounds of cyanide of mercury. They were obtained by dissolving the 
respective salts in proportions corresponding to the formulae, and 
crystallizing. Cyanide qf mercury — iodMe of sodium, 2 Hg Cy, 
NaI + 4HO forms four-sided satiny prisms, which lose the last 
portion of water only at 210^. They are easily soluble in water and in 
spirits of wine, and are decomposed by mineral acids into hydrocyanic 
acid andprotiodide of mercury. Cyanide of mercury — iodide of bariiifn 
2Hg Cy, 5a I +4 HO, and cyanide of mercury — iodide of strong 
Hum 21^ Cy, Sr 1 + 8 HO, crystallize in square tables and exhibit 
a similar deportment. Cyanide of mercury — bromide of caUAum 
2 Hg Cy, Ca Br + 5 HO, is likewise soluble in water and in jspirits of 
wine. A double salt of cyanide of mercury and acefate of eoda 


(1) Ann. Ch. Phim. LXVI, 63. 

(2) Arab. Phann. [2} LVl, 1 1 Cham. Gaz. 1849, 101. 
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Hg Cy +NaO> C 4 H 3 2 HO^ was obtained once from the mother- 

liqtior of the solutioil of the t#o salts. ^ 

Double CjraittlAes. CMiittboiibAi wttb Aittmoiiia^-*--On mixings ac- 
cording to Monthtefs(l)^ an hmmoniacal solution of a salt of protox- 
ide of copper with ferrocyanide of potassium^ a bright-yellow^ crystalline 
powder is preoipitdted^ which eyolres annmonia only at«a temperature 
of cysmide of ammonium being disengi^ed at a higher tempe- 
rature. This compound is ferrocyanide of copper-ammonia Cu^ Cfy 
+ 2 NH 3 + HO (Cfy sa= ferrocyanogen « Fe Cyg). .The same salt 
has been previously obtained by Bun8en(2)^ who founds however^ 
only half the quantity of water. When moist^ this substance (as 
does ferrocyanide of copper Cug Cfy +9 HO), absorbs, with evolution 
of heat 89*1 per cent of ammonia, a green compound Cug Cfy 
-1-4 NHg-f-HO being formed, which loses part of the ammonia when 
exposed to air. Ferrocyanides of zinc and silver exhibit a similar 
deportment. 

Snbeyanlde of Copper-Cyanide of Potasslnm.*— Monthiers pre- 
pares this compound, which was discovered by Ittner, and more accu- 
rately examined by L. Gmelin and by Bammelsberg, by passing 
the vapour of hydrocyanic acid into potassa, containing hydrated 
protoxide of copper in suspension, until the letter is dissolved, a 
colourless liquid being produced. Monthier 8 gfE)nfirms the formula 
Cuq Cy, K Cy, established by Bammelsberg. By the action of 
potassa on fused subcyanide of copper, Bammel8berg(3) obtained a 
salt, of the formula 3 Cu, Cy, 2 K Cy. 

dubcyanlde of Copper-Cyanide of Ammonium.-— Addition of sul- 
phate of protoxide of copper to subcyanide of copper and cyanide 
of ammonium, produces a yellow precipitate, which turns green, 
cyanogen being evolved, and to which Monthiers assigns the for- 
mula, NH 4 Cu Cy, 2 Cu^ Cy, HO. 

Ferroeyanide of Copper, Ferroeyanlde of Copper and Potassium. 
-—According to Bammel8berg(4), a solution of sidphate or acetate 
o^ protoxide of copper, when precipitated by kydroferrocyanic acid, 
yields pure ferrocyanide of copper,^ containi^gd!^ Cfy +7 HO, when 
dried over sulphuric acid; accordinjgjlB^ Monthiers^ statement, 
this salt contains '9 eq. of water^^^^ftw pouring, drop by drop, a 
solution of a salt of protoxide into an excess of ferrocyanide 

of potassium^Mosander obtaiu^lSte anhydrous compound Cu K Cfy; 


J. Pr. ^hem. XU, 113; Ann. Ch. Pharm. LXIV, 297 
iU. (3) IMd. LXXIII, 117. 
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according to Bammelsberg^ it contains 2 eq. of water^ and is ex^ 
pressed by the improbable formula, ‘Cu^ Cfy+K*Cy, Fe Cy-f2HO. 
On the other hand, if an excess copper-salt be, gradually. ^xnixed 
with ferrocyanide of potassium, a compound, C%Ofy^ Ofy, 2 HO + 
9 (Cug Cfy + 7 HO) (?), is produced. 

Ferrieyanide of Potasstum. — For preparing fervicyanide of potas- 
sium, Eieckher(l) recommends to pass a slow current of chlorine 
through a dilute and cold solution of the yellow pnassiate until it 
appears dark-red in transmitted light, when the liquid is rapidly 
evaporated to dryness. The residue is treated with 4 times its weight 
of water, and the filtrate boiled down to half its bulk. — Kolb(2) pro- 
poses to add, in small proportions, chlorate of potassa and hydro- 
chloric acid to the boiling solution. 

Feriicjanlde of Potassium as an Oxldlzlnp Aaent.-— The oxidizing 
power exerted by ferricyanide of potassium in the presence of potassa, 
as pointed out by Boudault(3), by which several heavy oxides are 
converted into higher oxides, and oxalic into carbonic acid, has been 
used by J. Mercer(4) in calico-printing (according to his statement 
previously to Boudault^s communication), for discharging indigo. 
As a lecture-experiment, calico coloured with indigo may be moistened 
with ferrocyanide of potassium and afterwards immersed into a dilute 
solution of potassa. According to Monthiers(5} ferricyanide of 
pptassium, when treated with ammonia, disengages nitrogen, ferro- 
cyanides of potassium and of ammQnium being formed, 

ColialtlGyaiioseii« CompoundB. — C. Zwcnger(6) has puD- 
lished a careful investigation of the cobalt-salts, corresponding to the 
ferricyanogen-compounds. — Hydrocobalticyanic add, Hg Cog Cyg 
+ HO, is best prepared by decomposing cobalticyanide of copper, 
by means of hydrosulphuric acid, filtering and evaporating the colour- 
less solution. It may be obtained, likewise, by decomposing with a 
slight excess of concentrated sulphuric, or nitric acid, a concentrated 
aqueous solution of cobalticyanide of potassium, adding absolute 
alcohol, and recrystallizing the residue which remains after the* 
evaporation of the filtrate. This ^cid crystallizes in colourless, tran- 
sparent, deliquescent needles, which possess a strongly acid taste. 


(1) Jahrb. Pr. Phalnii. XV, 1. (2) Ibid. XVI, 332. 

(3) J. Pharm. [3] VII, 437 ; Berzelius’ Jabresbericht, XXVI, 240. 

(4) Phil. Mag. [3] XXXI, 126 ; Chem. Soc. Mem. Ill, 320; J. Pr. Chem. XLII, 43. 

(5) J, Pharm. [3] XUI, 157 ; J. Pr. Chem. XLI, 118. 

(6) Ann. Ch. Pham. LXII, 157 ; J. Pr. Chem. XLIV, 173 ; J. Pharm. [3] Xtl, 380 ; 
Chem. Gaz. 1847,417. 
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^cy*noV‘ It (evolves carbonic acid from the carbonates^ and dissolves iron and 
disengagemfeiit of hyi^gen ; its aqueous solution is scarcely 
offered by ebulliticm. Wheu hea^ beyond 100 ®, hydrocobalticyanic 
acid evolves .water, then hydrocyanic acid, cyanide of ammonium, and 
carbonkteofirnLmoma; at 250® a blue powder is formed, which at a 
still higher temperature, is decomposed into black carbide of cobalt. 
Hydrocobalticyanic acid is soluble in alcohol, but insoluble in anhy- 
drous ^ther ; i||i 8 not affected by hydrochloric acid, fuming nitric 
pcid or aqua regia. When heated with concentrated sulphuric 
acid> it yidds carbonic oxide, carbonie acid, sulphurous acid and 
Sulphates of ammonia, and of protoxide of cobalt ; if before complete 
decomposition, water be added, pale-red cobalticyanide of cobalt, 
Coj Cog Cy 54 12 HO is separated, which turns blue with loss of 
water. Cobalticyanide of potassium, K3 C02 Cye, is formed, as indi- 
cated by its discoverer, L. Omelin, by treating cyanide of cobalt 
with cyanide of potassium or carbonate of protoxide of cobalt with 
.j^tassa and hydrocyanic acid, when hydrogen is evolved ; if access of 
Rir«be permitted, an absorption of oxygen takes place. In treating 
100 parts of protocyanide of cobalt, Co Cy, 2 HD with cyanide of 
potassium, Zwenger obtained 0*65 of hydrogen; the decomposition, 
according to the equation 2 Co Cy + 4 K Cy + HO = 2 X 3 Cog Cy 6 + 
KO+H requires 0*68.— -From an aqueous solution of cobalticyanide 
T)f potassium, hydrocobalticyanic acid is precipitated by the addition 
of^concentrated sulphuric and i\|tric acids. By boiling sulphuric 
acicl the salt is decomposed like the acid. Cobalticyanide of sodium, 
Nsj Cog Cy® +4 HO, is obtained like the two following salts ; namely, 
by carefully neutralizing the acid with the carbonates. It crystal- 
lizes in long colourless needles, which are easily soluble, and lose 
their water (11*25 per cent) at 100 ®. — Cobalticyanide of ammonium, 
tNH 4)3 Cog Cy 5 +HO, crystallizes in bblique four-sided plates, which 
are cqpverted at 225® into cyanide of ammonium, carbonate of 
ummoaid and a blue residue. — CobaUkyanide of barium, Ba 3 Cog Cyg 
+22 HO, forms easily soluble, colourless, transparent prisms, which 
lose 23*29 per cent = 16 eq. of water, at 100 ®. — Cobalticyanide of 
eoppeir, Cuj C 03 Cy^ + 7 HO, precipitated from a soluble salt of 
protoxide of copper by cobalticyanide of potassium or by hydro- 
’cobalticyanic acid, is of a light-blue colour ; it loses, at 240®, 12*94 
per^ cent (calculated 12*06) = 5 eqs. of water, and is decomposed 
by the fixed alkalies^ with separation of protoxide of copper. Its 
solution in ammonia yields ultramarine-blue, brilliant, four-sided 
prisms, with eight-sid^ terminal pyramids, which are ammonio- 
cobalticyMde of copper j Cuj C 04 Cye + 2 NH 3 + 6 HO ; they are 
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decomposed by acids into an amnioi;^^t tod* «Qbaltioytoide of 
copper, by alkalies, in ^le same tptoJ^^as eonipeund, — 

Cohalticyamde cf cobalt^ 14 w ' pbteined l>y 

precipitating salts of protoxide of cobalt Vith cobtoic^lj^e o| potas- 
sium, or with the acid itself, as a li^t-red po^der^ insoluMe in* water 
and acids, and losing the whole of its water at 230^ (eateeidati^S9*l25 
percent, found 28'98), becoming ^thereby intensely^ blue, itconr* 
tains 2 eqs« of water more than the analogous conn^tuid.tjypdnced 
by decomposition of the acid. — Cohalticyamde of nick^ N !3 
+ 12 HO, can be obtained pure only by precipitating the soJutioU of 
a salt of protoxide of nickel with* an excess of hydrocobaltieyanic acid ; 
when freshly precipitated, it is gelatinous and light-blue ; when dry 
it IS of a greenish-blue colour, and has a conchoidal fracture.^^ A 
solution of the freshly precipitated compound in ammonia, deposits, 
on evaporation or addition of alcohol, ammonio-cobalHcyanido^ of 
nickel^ Nig Co^ Cyg+ 2 NH 3 + 7 HO, which is insoluble in water. — 
Carbonate of protoxide of lead is decomposed by hydrocobalticy.^ 
anic acid, the solution deposits neutral cobalticyanide of lehd, 
Pbg Cog£yg+4HO, in small scales of nacreous lustre, which are 
insoluble in alcohol, and lose 8 eqs. of water a^ 100^ and the fourth^ 
at 180^. Ammonia, produces, in an aqueous solution of this com- 
pound, a white precipitate^f basic cobalticyanide of lead, Pbg,Cog Cy^ 
+ 6 PbO + 3 HO ; the Supernatant liquid contains only cobalticyanide 
of ammonium. — Cobalticyanide of rf&er, Agj Coj Cyg, is whj^e, 
curdy, and insoluble in water and acids; its ammoniacal solution 
yields, on evaporation, colourless, transparent prisms of ammonia^ 
cobalticyanide of ^silver, Agj Cog Cyg+NHg + HO, which are inso- 
luble in water, and part with ammonia and water only at 170^(1). ^ 

Piatlnocyaiiowen-compeiuid8.~B» Quadrat(2) ha^ described a 
series of platinocyanogen-com^unds, the real existence of wbtdhi 
has, however, to be decided by farther investigations. 

Gmelin^s cyanide of potassium and platinum, prepared by ihe^ 
ignition of spongy platinum witlkferrocyanide of potassium, has been 
shown by the analyses of the discoverer an.d Of Bammelsberg, Whldt ^ 
have likewise been confirmed by Quadrat, to possess the fOmylla 
KCy, PtCy, in the 'anhydrous state. Knop obtained, by carefully 
treating a saturated solution of this with chlosine or nitro^ 


(1) It may here be stated, that oobalticyaiiide o£ potassium produces white predpi* 
tates with the tiitr|tes. of the oxides^ mercury, but that it may be mixed with protp- 
chloride of mercury without befas ^Mbtaed turbid. 

(2) Ann. Ch. Phatni. LXttI, 16^ Pharm. [3] XTl, 457. 
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hydrochloric acid, the copper*red compound, 2 KCy> Ft^ Cy^, con- 
taining sesquicyanide of platinum and potassium, which L. Omelin 
(Handb. IV, 440) considers to be probably K Cy, Ft Cyg. 

According to Quadrat, if protochloride of platinum be added to an 
excess of cyanide of potassium, and the solution evaporated, long, 
thin, fqpr-sided prismatic crystals are obtained, which appear yellow 
by transmitted, and bright-blue by reflected light. From the analysis 
of the anhydrous salt. Quadrat assigned to it the formula 
Ftg Kg Cyn ssB (K Ft Cyg) + K Cy ; when crystallized, it contains 
21 eqs. (15*98 per cent) of water, of which 18 eqs. (14*03 per 
cent} are expelled at 100^. On boiling this salt with sulphuric acid, 
yellow prot^yanide of platinum is precipitated, with which, by solu- 
tion in cyanide of potassium, the original compound may be again 
prepared. It is soluble in 8 parts of water, and likewise in alcohol 
and ether; it gives a white precipitate with salts of protoxide of 
mercury, and a smalt-blue one with an excess of nitrate of suboxide 
of mercury. With suljihate of protoxide of copper, tlte light-greeil' 
copper-compound, 6 (Cu Ft Cy^), Cu Cy, insoluble in water 
acids, is produced, which, by boiling with carbonate 
caustic baryta, strontia, or lime, furnishes the corresponding^^ftfiwP^r 
these bases, 6 (NaFtCya), NaCy + 28HO; 6 (BaFtCyg), BaCy 
4- 22 HO and 5 (CaFt Cy^), Ca Cy -f 27 HO ; by decomposing the 
potassa-salt with sulphate of ammonia and the baryta-salt with sul- 
phate of magnesia, the plaiinoci/amde of ammonium^ 6 (NH^FtCyg), 
NH4Cy, and the platinocyanide of magnesium, 5 (Mg, FtOyj), MgCy 
+ 19 HO, may be prepared. By digesting the cppper-compound 
with ammonia and evaporating, blue needles were obtained, for which 
the approximate formula, Cu Pt Cyj, 2NH3 + HO, was arrived at. 
Hydrosulphuric acid decomposes platinocyanide of copper into, pro- 
tosulphide of copper, hydrocyanic acift and hydroplaiimcyanic add, 
H Ft Cyj, which crystallizes in hydrated bluish-black or greenish- 
yellow crystals of golden lustre ; it decomposes* carbonates, yields, 
with ammoniacal gas, yellow platinocyanide of ammonium, and is 
split by sulphuric acm into protocyanide of platinum and hydro- 
cyanic acid. 

The same chemist(l) states, in a later communication, that the 
hydroplatinocyanic acid thus obtained, and likewise the salts prepared 
with it, contain a sulphocyanogen-compound ; and that, by directly 
treating platinocyanide of copper (prepared from Hpaelin's salt 
by sulphate of prj^xide of copper) with calcined m^nesia or with 


(lyAxm, Ch. Pharm. LXV, 249. 
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baryta-water^ platinocyanides of magneaiam or barium are obtained^ 
corresponding in composition to the potassium-compound* The 
analyses of these compounds^ prepared by Battmert(l}^ according to 
the method described, confirm this statement. 'Quadrat found the 
mother-liquor^ out of which the latter conlpoundsf^had crystallized^ to 
contain salts^ differing in composition from the potassium-compound ; 
they are colourless^ and much more soluble in alcohoL~Laurent 
likewise considers Quadrat’s salts to be analogous in campositiou to 
Gmelin’s platinocyanide of potassium and the corresponding com- 
pounds; it may, however, from the preceding statements, be regarded 
as certain, that their preparation is attended by the formation of 
other compounds, which probably form d6uble combinations with the 
true platinocyanides. 

Cyanides of Platinum and HI ercuryand Nitrate of Sulioxlde ofHIerenry* 

— ^The formula of the smalt-blue precipitate, produced by nitrate of 
suboxide of mercu^ in cyanide of platinum and potassium, is, accord- 
ing to BammelsDerg( 2 ), Hgj 0 , NO5-I-6 Hg CJy, PtCy-f lOHO; 
water resolves it into the two proximate constituents. — Quadrat con- 
siders the blue-salt prepared from his potassium-compound to be a 
combination of platinocyanide of mercury, 6 (Hg Pt Cy^) Hg Cy, with 
variable quantities of nitrate of suboxide of mercury. 

Cyanopeu-eompounds. Views respecting their Gonstltntion. — ^Three 


views have as yet been taken of the ferrocyanogen compounds* 
Accordinj^ to the one : 

Fertocyanide of potassnun « . * FoC^N-fSKCsN +3 EO 

Ferrocyanide of potassium and bariam<«<|^ p® ^N + 2 BaCjN } 


Prussian blue 


3Fe CsN+ iPCjCeN, +9 HO. 


The kecond view adopts as radicals, ferrocyanogen ss Fe Gq N3, ferr^- 
cyanogen ^ Fe^ Cm platinocyanogen = Ft C4 N^, platinicyano- 
gen = PtaOio Ng, &o. The findly assumes a polymeric 

cyanogen, N, C4 N^, N3 . . . . G^^ and so on, whose combina- 
tions, in Laurent’s(8) opinion, may all be reduced to the formula" 
Gg N M, (or G2 N3 M2, according to Laurent and Gerhardt^s equiva«> 
lents), in which M may represent the sum of equivalents of two or three 
different metals. We here give an example pf Laurent’s formul8s^*in 
which G6,=s; N=s 7 | Hssjt, the equivalents of the metals being but 
half ^ high as those generally adopted, and in which, it must be borne 


PlStlWN 

eya&og«a« 

com* 

pounds. 


(1) Ann. Ch. Phaim. LXV, 2Sd. ' ‘ 

(2) Pisgg. Ann. LXXIII, 117 ; J. Pr. Chem. XU. 184 ; Berl. Acad. Ber. 1847, 115. 

(3) Compt. Send. XXVI, 294 1 J. FT. Cl^. XLII, 128. 
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in mind, Laurent rntpresBcs protoxide of iron byF^O (Fe 2 =Fe 
equirdent here adopted), sesquioxide of iron by 
^n4iM. fjO (f 2 «=| Fe according to the 'tuual equivalent,— the iron in the 
prandi. sesquioxide having only | the equivalent of the iron contained in 
the protoxide), and that he assumes the equivalent of the plati- 
num in the protoxide = Ptj O, as double that of the platinum in the 
binoxide s pt, 0. 

Ferrocyanides C)N)Fe^M^. 

Ferrocyanide of potasdnm . . . Cj Nj Fej + HO. 

Ferrocyanide of potassium and barium . C9 Ng Fe^ Ba^ + H0. 

Prussian blue . . ... . CgNjFe^ + 2 HO. 

Fenicyanides C2 f M. 

Cobaltocyanides . . . . . CgNsCo M. 

Platlnocyanides Cg Ng Pt M. 

Platini-platinocyi^des . . . C, Pt^ Pt^ 

It is self evident that these arc merely other expressions for known 
formulae^ ^nd that they neither sustain nor found any new theory. 

ComportiAent of CyanoKen-coinpounds at litali Temperatures. 
— *Bammelsberg(l) has investigated the behaviour of a series of 
cyanogen-compounds on exposure to high temperatures. 

Protocyanidk of silver is converted into paracyanide of silver, with 
disengagement, in the gaseous state, of half of the cyanogep, which 
does not possess, as stated by H. Thaulow, any propertie8«diflFerittg 
from fiiose of common cyanogen ga8(2). — Protocyanide of zinc and 
protocyanide of copper likewise yield pure paracyanides ; protocyamde 
of nickel protocyanide of cobalt^ on being bleated, leave a black 
n^ss, which contains 13 equivalents of carbon and 1 of nitrogen to 
6 equivalents of metal, and may be viewed as a paracyanide and 
carbide ; hydroferrocyanic acid yields, first, water and hydro^anic acid, 
the residuary protocyanide of iron likewise splits into paracyanide and 
carbide of iron, containin||^ 20 equivalents of carbon and 5 of nitrogen 
to 12 equivalents of iron. Ferrocyanide of potassiumy on being 
heated, leaves cyanide of potassium and carbide of iron, Fe Cg, as 
previously shown by Berzelius. Ferrocyanide of calcium and ferro- 
cyamde of zinc exhibit the same comportment; ferrocyanide of lead 
Asengages one-third of its carbon and one-half of its nitrogep, as 

(1) Pogg. Aon. LXXIII, 80 ; Beil. Acad. Ber. 1847, 115 ; J. Pr. Chem. XU, 180 ; 
Ann. Ch. Pharm. LXlV, 298. 

(2) Comp. Liebig in Ann. Ch. Pharm. L^857; 



CYANOGEN AND CYANQQEN-COMFOUNDS. . 373 

cyanogen- and nitrogen-gases; the residue consists of paracyanide of 
lead and paracyanide of iron^ mixed with ^carbon. FerroeyanUk qf 
copper yields^ at 150^^ cyanogen-gas and a brownish-black mixture of 
paracyanides of copper and iron with carbon. Prussian blue (prepared 
from a salt of sesquioxide of iron and ferrocyanide of potassium^ 
containing therefore a little potassium)^ which appears to contain^ 
when dried in the air^ 18 equivalents^ and at 160^ to 170^^ 9 equiva- 
lents of water, becoming anhydrous at 250®, yields a residue amount- 
ing to about 60 per cent of the anhydrous substance which contains 
about 15 per cent of nitrogen, (3 equivalents of nitrogen* and 7 equi- 
valents of carbon to 7 equivalents of metal), and must hence be 
viewed as a mixture of paracyanide and carbide of iron. 

Cyanide of Mercury ; Decomposition liy Chlorine.— According to 
the investigations of Bouis(l), a hot saturated aqueous solution of 
protocyanide •of mercury, treated with excess of chlorine, under the 
influence of solar radiation, is decomposed into protochloride of mer-^‘ 
cury, hydrochloric acid, and chloride of ammonium, which remain 
dissolved in water; into chloride of cyanogen, carbonic acid and 
nitrogen, which escape ; and into a yellow oily fluid, amounting in 
quantity to one-fourth of the protocyanide of mercury, for which 
Bonis has proposed the formula, Cig N4 CI14 = Cg N4 Clg, C4 Clg. 
It has a powerful odour, exciting to tears, a caustic taste, and is 
heavier than water, in which it is insoluble, but by which it is easily 
decomposed into hydrochloric and carbonic acids and nitrogen-gas(2). 
It is soluble in alcohol and ether, and becomes decolourized by keep- 
ing, sesquichloride of carbon, C4 Clg, being deposited. It explodes 
violently on being heated ; by exposure only to a moderate heat, it is 
decomposed into nitrogen, some carbonic acid and a colourless liquid, 
which deposits, after a time, crystals of scsquichloride of carbon, 
C4 Clg ; when pure, Bouis found this liquid to have the formula, 
C2o‘N 4 Clgg= Cg N4 CI4 + 3 C4 Clg. 

On gently heating the yellow compound, Cjg N4 Cl^i with strong 
nitric acid, a very powerful reaction ensues; nitrogen, carbonic acid, 
and nitrous fumes are evolved, and there are condensed in the receiver 
sesquichloride of carbon and a very volatile fluid, colourless when 
pure, and of a much more powerful odour than the preceding one ; to 
the flatter Bouis assigns the formula, C^g N4 Cli4^04=C3N4 04Clg, 


(1) Aan. Ch. Phys. [3] XX, 446 ; J. Pr. Chem. XLII, 45; Ann, Ch. Pharm. LXIV, 
305. 

(2) A substance of very similar properties is p;x>duced by passing Chlorine into a mix- 
ture of fulminate of protosdde of silver and water. 
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woald^ therefore^ appear to be a simple product of oxida- 
liquid. ^ • 

chiorfoe. The result of the action 6( ammonia on tbe yellow oil is the disen- 
gagement of gas, the formation of chloride of ammonium, of sesqui- 
chloride of carbon and of a ted pulverulent substance, only slightly 
soluble in water, alcohol and ether, the nature of which has not 
yet been studied. — The yellow liquid detonates very violently with 
potassium. 

The statement made by Aim4, and subsequently contradicted by 
Stenhouse^ that a chlorocyanogen-combinatioif of ethyl or methyl 
is produced by the action of chlorine on a solution of protocyanide 
of ‘mercury in alcohol or pyroxylic spirit, has been likewise found 
incorrect by Bouis(l). He has shown the decomposition of the 
alcohol or hydrated oxide of methyl to be quite independent of the 
protocyanide of mercury, the cyanogen of which, in this reaction, is 
^completely converted into carbonic acid, chloride of cyanogen, and 
chlonde of ammonium. 

Fulminlc Acldfi. Tlielr Constitution and Nomenclature. — The opi- 
nion of Berzelius( 2 ), disputed by Liebig(3), that fulminic acid w^||i 
a conjugate acid, in which a nitride, consisting of equal equivaleifKSHp 
both elements, was combined with the hypothetical acid, HO, C 4 NO 3 , 
is considered by Fritzsche(4) to be a perfectly satisfaetpry^expression 
of its constitution, receiving great support from thdlpliscovery of 
osman-osmio acid, whereby the existence of the questioned nitrides 
had been established beyond a doubt. He wishes to substitute for 
the names silver^, mercury-, zinc-fulminic add, proposed accord- 
ance with his view by Berzelius, the more rational ones argMan-, 
mercuran-, cupran-, and zincan-tetranic add, constructed aceming 
to Berzeliuses principle of nomenclature for products of dry distil- 
lation. — ^This view cannot easily be made accordant with the following 
facts. 

J. H. 61ad8tone(5) has confirmed by anatysis Xiebig^s state- 
ment( 6 ) that urea and sulphocyanide of ammonium are formed in 
the decomposition of fulminate of protoxide of copper and ammonia 


(1) Ann. Ch. Ph^s.* [3] XXI, 111; J. Pr. Chem. XLII, 301; Ann. Ch. Pharm. 
LXIV, 316. 

(2) Ann. Ch. Pharm. L, 426. 

(3) Ibid. 429. 

(4) tthnnh. Atiid. BnU. VII, 42 ; J. Pr. CSito). XttV, 160. 

(5) Cbem. Soc. Qu. J. 1, 228.. 

(6) Comp, JLanct, December* )841. 
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by bydrosulphuric acid. He has 4ittb|iiitted to analysis both pro- 
ducts of decomposition^ the urea as oxalate^ the hydrosulphocyanic 
acid as isulphocyanide of silver. It is thereby ^hown that 1 eq. of 
fulminate of protoxide of copper and anmionia^ and 8 eqs. of hydro- 
sulphuric acid are decomposed into 1 eq, of protosulphide of 
copper^ 1 eq. of urea, 1 eq. of hydrosulphocyanic acid, and 2 eqs. 
of water, 

CuO, N H4 O, C4 O3 + 3 ns « CuS + N, H4 Oj + U C > N S^ + 2 HO. 

cyanurie Acid. — If, according to de Vry(l), hydrochlorate of urea 
be heated to 145 ^| it splits into chloride of ammonium and pure 
cyanurie acid. At 320 ^ the product of decomposition of urea, 
Cg Nt H4 O4, discovered by Liebig and A'fohler, is formed. — 
Wurtz(2) recommends the decomposition of fused urea by dry chlo- 
rine as the best method for the preparation of cyanurie acid. The 
products are cyanurie acid, chloride of ammonium, hydrochloric 
acid and nitrogen ; the former substance is obtained by washing 
the mass with cold water. 

According to Liebig, cyanurie acid is a tribasic acidssS *MO, 
Cg N3 O3, in which all the hydrogen is contained in the form of replace- 
able water (witness the silver-salt). A closer investigation of its salts 
has led W6hler(8) to consider this acid as bibasic=2 HO, H O4, 
that is, as a conjugate cyanic acid, in which the urenic oxide of Ber- 
zelius, C3 N H Og, — isomeric with the hydrate of cyanic acid or 
with the insoluble cyanurie acid — is combined with 2 equivalents of 
cyanic acid. 

Cyanurate of protoncide of silver, 2 AgO, Cg N3 HO4, is prepared 
by dissolving carbonate of protoxide of silver in an excess of boiling 
cyanurie acid, or by dropping cyanurate of ammonia into an excess 
of a hot solution of nitrate of protoxide of silver, or, with greater 
certainty, by mixing hot solutions of cyanurie acid and acetate of 
protoxide of silver. It is a colourless crystalline powder, which is 
decomposed at 200^, Ibut, in an atmosphere of hydrogen, is trans- ^ 
formed even at 100 ^ into the violet-black salt of the suboxide. It is 
insoluble in water and acetic acid, and easily decomposed by nitric 
acid. Digestion with concentrated ammonia converts it, without 
dissolution, into the salt, 2 AgO, Cg N3 H O4 -f 2 NH3, which loses 

(1) Ann. Ch. Pbuiu. LXI, 249; J. Vt. Cbem. XL, 498. 

(2) Compt. Rend. XXIV, 436; Ann. Ch. Pharm. LXIV, 807. 

(3) Ann. Ch. Phwm. LXII, 241; J. Phwm. [3] XII, 375. . Laurent's Bemarics, 
Ann. Ch. Phvi. TSI XXIII. 114: J. Pr. Chem. XLV. 171. 
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thcr whole of its ammonia hntween 200^ and 800^. Cyanurate of 
l^iotoxide of silver is <failvevted^ by digestion withr^ caustic potassa, 
iUto a oompaand?^ in whiohj probably, one third of the base is 
potassa. 

according to Liebig^s directions for Vhe preparation of tribasic 
cyanurate of protoxide of silver, excess of ammonia and then nitrate 
of protoxide of silver be added to a boiling solution of cyanuric acid, 
a salt separates in microscopic prisms, which evolves ammonia on 
treatment with pota'ssa, and, when dried at 100 ^,* loses the whole of 
its ammonia, yielding, on analysis, 70*55 per cent of silver ; it con- 
tains hydrogen as an essential element, and has the formula, 
8 AgO, Cg Ng H 04 .-«-The hot liquid decanted from this salt deposits, 
on cooling, a white compound, which, according to Wohler, has 
probably the formula, 8 AgO, CgNg HO 4 + 8 NH 4 O, Cg N 3 HO 4 , 
(49*94 per cent of silver calculated, 49*4 per cent found), and which 
loses, at 250^, 2 equivalents of ammonia, and 1 equivalent of water. 
This substance is likewise formed, if nitrate of protoxide of silver, 
and crystallized cyanurate of ammonia, are mixed while hot, and the 
precipitate boiled with the liquid . — Cyanurate of protoxide of leady 
3 PbO, Cg N 3 H O 4 -f 2 HO, is produced by adding freshly precipi- 
tated carbonate of protoxide of lead to an excess of hot cyanuric acid ; 
by precipitating acetate of protoxide of lead with cyanurate of 
ammonia, or cyanuric acid ; or, with greater certainty, by dropping 
basic acetate of protoxide of lead into an excess of a boiling solution 
of cyanuric acid. It forms microscopic prisms, with oblique ter- 
minal planes ; when heated in an atmosphere of hydrogen, it is decom- 
posed into cyanide of ammonium, urea, and metallic lead. By boiling 
it with nitrate of protoxide of silver, a salt of the formula 2 Ag 0, 
PbO, Cg Ng H O 4 + HO, is produced, — Copper-ealts of cyanuric acid 
could not be obtained of deShite composition; on m^ng dilute 
ammoniacal solutions of cyanuric acid and sulphate of protoxide of 
copper, a violet-blue salt, insoluble in water, is deposited, appearing 
under the microscope as amethyst-Ooloured four-si^ed prisms, 
with two broader lateral planes, and two-sided, t^^nations, and 
having, probably, the composition, 2 OuO, €>g Ng'H O 4 + 2 NH 3 
+ 8 HO. — ^If baryta-water be added*, '*dre|i by drop, to a boiling 
soluticm of cyanuric acid, as longf as thf }>recipitate formed, redis- 
sdlves,' a * crystalline acid bar0a-salt^ ^2 BaO; Cg Nj H O 4 + 2 HO, 
Cg Ng H O 4 + 4 HO, is obfaindd, which loses 4 eqs. of water of 
crystallization at 280®. . The neutral toiy/o-satf, 2 BaO, C 3 Ng HO 4 
4- 3 HO, is preci|^l^l^ on addition of chloride of barium and 
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ammoDiaj or excess of baryta*wat 6 r, a hot^^obition of cyanurie 
acid. — ^Wohler assigos to the igoluhle MtaBsa^^i^t the 

formula, 2 KO, Ng H HO, Gg Ng B O 4 , ahd w 4)ie salt which 
.is decomposable by water, '^thd foifmula, ^KO, O 5 N 3 HO 4 . — ^The 
investigations of Wurt)B(l) are not in accordance with Wo]|i^r^B 
view of the constitution of cyanurie acid, inasmuch as he fouiw the 
formula of cyanurie ether to be 8 C 4 H 5 O +«CeN 3 0 s,.and that of 
the corresponding methyl-compound, 3 Gg H 3 O, C 5 Ng Og. 

Muiphocyanide snr>aiiipioniam. — Liebig( 2 ) has shown that cyanide 
of ammonium removes, from the higher sulphides of ammonium, the 
excess of sulphur which they contain beyond that in protosulphide of 
ammonium, forming with it sulphocyanide of ^ammonium, and has 
based upon this deportment a method for the preparation of the latter. 
The following proportions are advantageous : 2 parts of an aqueous 
solution of ammonia of the specific gravity 0*95,' are saturated with 
hydrosulphuric acid, the resulting hydrosulphate of sulphide of 
ammonium is mixed with 6 parts of the same solution of ammonia, 
and to this mixture are added 2 parts of flowers of sulphur, and the 
distillate from 6 parts of ferrocyanide of potassium, 8 parts of 
sulphuric acid, and 18 partfi of water. The mixture is digested in a 
water-bath, until the sulphur ceases to diminish in quantity, and 
the liquid has become yellow ; it is then maintained in ebrdlition 
until the sulphide of ammonium is expelled, and the fluid has again 
become colourless. On filtering and evaporating to crystallization, 
3^ to 8 ^ parts of the ^zzling white salt are obtained ; i part of 
sulphur remains undissolved. 

Welloii-compo an ds. Pseudo-solpliocvanosen and dydrosniplio-i 
meiionic Acid. — The so-called sulphocyanogen (prepared by the action 
of chlorine on sulphocyanide of potassium) was submitted to analysis 
by A. Jamieson(3), after liaving be||| treated with water until a salt 
of iron produced no colouration in ^ filtrate. (This treatment has 
to be continued several days, to ensure the removal of hydropersul- 
phocyanic acid, which is very difficultly soluble in water, and the 
formation of which cannot be avoided in the preparation of the yellow 
substance). Jamieson arrived at the formula, C 4 N 2 HS 44 -HO, as 
expressing the composition of pseudo-sulphocyanogen, according to 
which it may be considered as a combination of equal equivalents of 
sulphocyanogen, hydrosulphocyanic acid, and water, CgNSj 4- J^GgNSg 
+ HO, or as^eqa. of hydrosulphocyanic acid, which nave parted 


(1) Compt. Rend. XXVl, 268.. 

(2) Ann. Ch. Pharm. LXl, 126. 


(3) Ibid. LIX, 339. 
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mth 1 eq. of hydrogen^ and assimilated I eq. of water(l)« Pseado- 
snlphocyanogen is converted^ by treatment witb hydrosulpbate of 
sulphide of potassium^ into sulphomelloQide of potassium^ sulpho- 
cyanide of potassium^ pentasulphide of potassium^ hydrosulphuric* 
and ^larbonic acids. Jamieson constructs the following equation as 
explanatory of the formation Of sulphomellonide of potassium^ in 
which this body is stipposed to be derived from the sulphocyanogen^ 
which may be considered as combined in pseudo-sulphocyanogeu 
with hydrosulphocyanic a5id^ 


C8N4S8 + 4(KS,HS) + 6 HO « KC8N4H8S4 + 7HS + KS5 + SCKO.COj). 


Sulphocyanogen. 


Sulphomellonide 
of potassium. 


The following should have been appended to this equation^ as 
cxjplanatory of the decomposition of pseudo-sulphocyandgen (which 
Jamieson had not made his particular study): CgN4H4S3 + 
4 (KS, HS) = K4C8N4Sg + 8 HS; according to his view, the 
formation of sulphocyanide of potassium required no particular 
explanation. Gerhardt and Laurent had adopted the formula, 
Cq Ng H Sg, for pseudo-sulphocyanogen, and hence explain(2) the for- 
mation of sulphomellonide of potassium by the following equation : 

2 (Cg Ng H Sg) + 4 HO = Cg N4 H4 S4 4* 2 (H Cj NSa) + 2 
Accordingly, they assume the pseudo-sulphocyanogen to be con- 
verted, in this decomposition, into hydrosulphomellonic acid, 
hydrosulphocyanic acid/ carbonic acid, iftd sulphur. This 
accordance *with Jamieson^s view. It is singular, how< 
Gerhardt and Laurent believe to have increased, by tl 
the probability of their formula for pseudcr-sulph* 
consider it as a support of thttr view regarding th^ tion of 

this body. Jamieson^s formula explains the 
equally simple manner : 

^(CiNaHaSgO) = CgNgHgS* + 4(HC,N^4‘«C0a + S 4 . 
According to Jamieson, one-half, according tO-I^rent and Ger- 
hardt, only one-third of the carbon in tWjj^udo-sulphocyanogen 
is converted into hydrosulphocyanic acid f a determination of the 
hydrosulphocyanic acid, formed from a known^ amount of pseudo-sul- 



ition in an 


(1) L. Gdielin*s Remark (Handb. lY, 4^9) can anf^have reference to the amount of 

ivater in the paeudo^aulphocyaiiogen, compddtion of this substance, con- 
sidered as anhydrous. ^ * 

(2) J. Pharm. [3] XI, 228 ; KhilSt. Phys. tiJ] XX, 118. 
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phocyanogen^ iroald decide which of ’the two feijsiidie is conrect. — 
According to Gerhardt and Laarent, hydroaqlphomelloiuc acid 
is urea>ammelide(l), in whioh the oxygen is replaced by snlphor : 

Urea-ammelide . . • C 5 N 4 H 4 O 4 

llydrosDlphol&eUoiiic add 4 • C 4 N 4 H 4 S 4 

meiionide of Potassiiiiit. — ^Liebig(5^ has described accurately the * 
preparation of melIo|^ide of potassium. Pthre sulphocyanide of 
potassium is fused in a tubulated retort, the* temperature is then 
raised^ and crude meUon gradually introtoced (about i to ^ the 
weight of the sulphocyanide of potMsium)^ whereby sulphur^ ammo- 
niacal products and bisulphide of (^rbon are volatilized. The mass, 
at first semi-fluidj is maintained in a state of gentle fusion^ at a faint 
red heat^ as long as any inflammable gas^ emitting on combustion 
the odour of sulphurous acid, is evolved, and until the disengage- 
ment of cyanogen commences. If the operation has been successful, 
there are formed, during the cooling of the fused mass, while its 
temperature is still above the fusing-point of the sulphocyanide of 
potassium, stdlated groups of thin needles ; the absence of these shows 
that the temperature employed was not sufficiently high, or that the 
quantity of mellon added, was too small. The mass is treated with 
boiling water, filtered, and the filtrate allowed to cool, when a thick 
felt-like mass of white needles of hydrated mellonide of potassium is 
obtained, which may be freed from sulphocyanide of potassium by 
washing with alcohol, and recrystallization. 

Kakodyl of Butyric Add. — W6hler(8) has shown, that by the 
dry distillation of equal parts of butyrate of potassa and arsenious 
acid, an oily colourless body is formed, which becomes orange-yellow, 
and then dark-brown, on exposure to'lar ; it possesses a very nauseous 
kakodyl-like odour, and is not spontaneously inflammable in the air ; 
it forms, with protochloride of mercury, an inodorous white com- 
pound. Wohler has left it undecided, whether this body be a 
compound fmaiogous to oxide of kakodyl, or whether it be that 
substance itself. 

f -iri 

Adds and collateral Hatters. HelUttc Acid. — Erdmann and 
Marchand, and Schwarz, have published researches on mellitic 

( 1 ) Liebis and Wohler in Ann. Ch. Pharm. LIV, 371. 

(2) Ann. Ch. Pharm. LXI, 262 ; J. XL, 497. 

(3) Ann. Ch. Pharm. LXVIll, 127. 
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«cid« — ^Ihe former chemi 8 ts(l) always found mellitic acid^ and its 
insoluble salts, prepared in the known manner from mellitate of 
ammonia, to be accompanied by an admixture of ammonia. In order 
to obtain the pure acid, they decomposed the ammonia-salt, by 
boiling it with excess of baryta, digested the baryta-salt with sul- 
phuric acid, and purified the mellitic acid, thus obtained, from 
sulphuric acid, by r^rystallization from water. The pure acid may 
be likewise obtained by decomposing with hydrosulphuric acid, the 
lead-salt, containing ammonia, precipitating the acid solution with 
acetate of protoxide of lead, washing the precipitate, decomposing it 
once more by hydrosulphuric amd, and repeating the process. The 
insoluble salts were prepared by precipitating the neutral solutions 
of the bases with the pure acid. — Mellitate of protoMde of silver 
retains a small amount of ammonia and water with great pertinacity ; 
the crystalline, lustrous, scaly powder appears under the microscope as 
colourless, transparent, four-sided plates ; it detonates on being heated, 
without development of electricity ; the salt, dried in the air, gave 
on analysis less than 1 per cent of water ; the formula, AgO, C 4 O 3 , 
must be retained for it ; the pure salt does not alter at 180^, but if 
it contains ammonia it blackens partially at this temperature, with 
formation of water. — Mellitate of protoxide of lead, PbO, C 4 Og, 
likewise retains water obstinately (even at 180®). — Mellitate of soda 
crystallizes, on evaporation of cold saturated solutions, in large, 
irregular, striated crystals, belonging to an oblique-angular system, 
of the composition, NaO, C 4 O 3 4- 6 HO (the water escapes at 
from a warm concentrated solution it crystallizes in broad tb^ 
needles, NaO, C 4 O 8 + 4 HO (nearly 3 ms. of water esi^^'at 
100 ®, the whole at 180®). — Neutral mellitah of potassa fora^'^^sily 
efflorescent rhombic crystals being, according to Nal|^Mti, the 

combination, go F. oo !P 00 .OP. ^00 .Poo; the folla«|fi^measure- 

ments were made, 00 P : go P = 114®, P 00 : OP P oo : OP 

= 151® ; this salt has the formula, KO, O 4 + 3 HO, and is 
isomorphous with the ammoiiia-salt described by 6 . Bose( 2 ). By 
addition of mellitic acid to a concentrated solul^ of the foregoing 
salt, the sesguimellitate of potassa is precigbMtted ai^ a fine crystalline 
powder, which may be obtained, by 'yebryiintMization from water, in 
small nacreous plates, and has the formula, 2 KO, 3 C^Og -f 9 HO. 
— Erdmann and Marchand found nsutral nheUUateofamtnoniaj 


(1) J. Pr. Cham. XLlll, 129; Aim. Clu Thirm. LXVIU, 327, <in abstr.) ; 
J. Pharm. [3] XIV, 68. 

(2) Pogg. Ann. VII, 336. 
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which pirecipitates as a fine powder on addition of a concentrated 
solution of ammonia to a solution of this salt, to be of the 
same composition as the crystals, to which this powder gradually 
changes, namely, NH4 O, C4 O3 Hh 3 HO ; the efSoresced salt they 
found to contain 1 eq. less of water. On evaporating the solution, 
obtained by decomposing ammoniacal mellitate of proto3dde of copper 
with hydrosulphuric acid, rhombic crystals of trimellUate of am^ 
monia, NH4O, 8 C4 0^.4- 6 HO, were obtained (according to Nau- 

mann's determination, ooP. oofoo.ooPoo.OP;ooP:co P=: 122®). 
On addition of mellitate of potassa to a neutral solution of a s^lt of 
protoxide of copper,- a precipitate is formed, from which a portion 
only of potassa can be removed with great difficulty, by washing. 
On mixing acetate of protoxide of copper with mellitic acid in the 
cold, a light-blue gelatinous mass is formed, which becomes white by 
pressure, and blue and crystalline after dessication; if the jelly is 
allowed to stand, small crystalline nodules are formed, which increase 
to fine transparent dark-blue crystals ; ofprotosnde ofcop» 

per, thus prepared, is 2 CuO, 8C4O8 -f 12 HO. If mellitic acid 
be added to a boiling solution of acetate of protoxide of copper, a 
fiocculent precipitate is obtained ; on washing, it loses a portion of 
its acid, becoming crystalline, anf is represented, when dried in the 
air, by the formula, CuO, C4 Og 4- 4 HO. Ammoniacal mellitate of 
protoxide of copper forms beautiful azure-blue microscopic crystals, 
which, dried in the air, were found to have the composition 3 (CuO, 
^403) 4- NH4O, C4 0g 4- 18 HO (at 120®, 15 HO, and traces of 
ammonia escape). — The mellitates of baryta and time appear to be 
anhydrous, but difficultHof desiccation (compare the varying state- 
ments of Schwarz). — ^By prolonged ebullition of mellitic acid, 
containing still some sulphuric acid in admixture, with absolute 
alcohol, saturation of the liquid with baryta, removal of the excess of 
baryta, in the filtrate, by the carbomc acid of the atmosphere, and 
evaporation of the filtrate to dryness, over sulphuric acid, in vacuo, 
a gummy baryta-salt was obtidned, the carbon of which was very 
difficult of combustion. This salt is, according to Erdmann and 
Marchand, mellUate cf oande ethylo.ui baryta, BaO, C4 Hg O, 
2C4 0g; it forms a clear solution with water; heated to 100® it 
undergoes partial decomposition, leaving, on subsequent treatment 
with water, carbonate of baryta. 

Erdmann and M^Bchand state that they have also obtained the 
neutral mellitate of oxide of ethyl (mellitic ether), though not in a 
state sufficiently pure for analysis. Schwarz(l) was as unsuccessful 


(1) Ann. Ch. Phtrm. LXVI, 46. 
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^ts of mellitic aoid^ when jmpfkred*!)^ predpitating solntitHia of the 
tnetal with mellitate of ftmmoniaj generally contained ammonia. 
According to him^ mellitate of protoxide of silver is obtained pure by 
adding the solution of the ammonia-saltj drop by drop, to an excess 
of a boiling solution of nitrate of protoxide of silver ; the silver-salt, 
thus pr^ared, remains white even at 200 ^> while the ammoniacal 
salt becomes violet-brown. Schwarz, also, confirmed the formula, 
MeO, C 4 O 3 , *for the saiHwof the protoxides of silver and lead, dried 
at 100 ^, and for the crystallized acid, HO, C 4 O 3 ; (after desiccation 
in vadupi the latter only lost traces of moisture at 200 ^). ^ Mellitate 
of baryta^ prepared by double decomposition, separated as a thick 
gelatinous mass, becoming crystalline, and forming lustrous scales ^ 
he al^ obtained it, from very dilute solutions, in the form of fine 
needles; at 100 ^ it only lost its hygroscopic moisture, retaining 
1 eq. of water, which was expelled only at about 880®. The mellitate 
of ammonia was found, by Schwarz likewise, to have the formula, 
NH 4 O, C 4 O 3 + 8 HO, and the mellitate of protoxide of copper^ 
GuO, C 4 O 3 + 4 HO (8 eqs. of water escaped at 100®, the salt 
assuming a green colour, the fourth eq. was not perfectly expelled 
even at 280®). — Schwarz found ^chronic add to be best prepared 
by carefully heating mellitate of ammonia, over an open charcoal - 
fire, in a flat porcelain dish, stirring it continually, until the disen- 
gagement of * ammonia ceases, and the salt is converted into a pale- 
yellow powder'. He confirmed the formula, 2 HO, N O 3 , for 
euchronic acid, dried at 200 ® ; by adding baryta-water, drop by drop, 
in excess, to a solution of this laoid, obtained ar pale-yellow 
pulverulent bi^ta-salt, corresponding cmcly in composition to 
BaO, HO, CisfrOs* — He confirmed the composition of par amide ^ 
as being, Cg N H O 4 (according to a later experiment of Wohler, 
this substance, when boiled with acetate of protoxide of lead, is 
completely converted into mellitate of protoxide of lead, with forma- 
tion of acetate of ammonia). When Is solution of ammonia is poured 
on paramide, it immediately becomes ^ellow^ voluminous, and is 
partially dissolved. H this solution be immediately poured into 
hydrochloric acid, a snow-white pulverulent substance ^precipitates, 
consisting of microscopic needles, somewhat soluble in watm*, which 
give witb zinc t^e blue reaction of euchronic acid, and are re- 
precipitated from their ammoniacal solutior^y hydrochloric acid. 
If allowed to stand h day, the ammoniacal elution was fonnd to 
contain only mellitate of ammonia. Schwarz considers the formula, 
C'a 4 H 3 N 3 0 ^ 4 , as the most probable one for this substance, dried at 
179® (when dried .tn vaeno^ it contains 1 110 more) ; .he calls it 
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Paramtdie On sabmitting a solation of feuehrome aeid to the 

galvaoic currait^ he observed that euchront was deposited in small . 
quantities at the platinum forming the negative pole. 

Oxauo Acia. — ^L. Thompson^l) obtained, in eight experiments^ 
from 28 ounces of cane-sugar, by treatment with 124 ounces of 
nitric acid, spec. grav. 1*245, in the first operation 17i ounces ; 
in the succeeding ones *80 to 32^ ounces of crystallized oxalic acid, 
(the mother-liquor, containing oxalic acid, of the previous experiment 
being added in the next), and 20 to 22^ of carbonic acid. He found 
the employment of concentrated nitric acid to produce too great a 
disengagement of heat, attended by the production of formic acid/ 
He considers the final result of the reaction to be expressed by the ' 
following equation : 

Ci 2 Hii On + 7 NOg = 6 COg + 2 H© 4- 7 NOj-fS (3 HO, O 3 ) ; 
at the commencement of the process, the cane-sugar is converted into 
grape-sugar^ 

According to Anderson(2), hot aqueous solutions of equal equi- 
valents of oxalic acid and chloride of potassium, chloride of sodium, 
or chloride of ammonium, yield, on cooling, quadroxalate of potassa, 
and binoxalate of sfta, or of ammonia ; the quantity of acid salt 
formed, varies according to the concentration of the fluid. 

C. Schmidt has described the occurrence of oxalate of lime in the 
most simple cellular plants, and in the secretion of mucous mem- 
branes (3), as also the peculiar phenomenon of crystallization ex- 
hibited by this salt under the microscope (4).* 

Teroxide of bismuth, when boiled with binoxalate of potassa, 
was found by Schwarzenberg(b) to be converted into a white 
crystalline powder bf onoalate of teroocide of hismuth^^rLt?xom^ only 
traces of potassa, and having, when dried at 100 ®, the formula, 
BiOg, 3 C 3 O 3 + 4 HO. 

Suceinie Acid.— O. Beich( 6 ) has pointed out the existence of suc- 
cinic acid in nearly all the specks of fossil woods, brown-coal, and 
pine-cones, found on the Baltic shores of the Samland. — Bley(7} 
recommends pharmaceutists to prepare their own succinic acid ; 
he obtained (by employing glass retorts) from 16 ounces of amber, 

0*4 to 0*85 ounces of succinic acid, 3 to4i ounces of oil, and 9 to 10 ^ 
ounces of colophony, (even on the addition of sulphuric acid, diluted 


(1) Pham. J. Trana. 5 Repert. Pham. [31 1, 383. 

(2) Clieiii. Soc. Qu. JT. 1, 231. ^5) Ann. Ch. Pham. LXIV, 126. 

(3) Aim. Ch. Pham. LW, 28S. (6) Arch. Pham. [2] LIV, 155. 

(4) Ibid. 307. (7) Ibid LlII, 49. 
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was found 

/Ip being wasbc^ with water 

■ ^ ' oil 32 ounces of amber with 

2 j^ee8 'cri^' coacmtrt^ acid, jddded 1^ ounces 

n^aa^ciidc '1^ 21^ od^S^ tolerably liquid 

bi^;^4 3 bu|j^ ^ 'pearly peil^y earb^tled colophony. 

^ IslUtocfraecii^ Aei«>;^Oerbafdt(l) 'is. of opinion that the true 
eotnposflion of ehlorosaccmie &i»d (ackie ehtavstmeigue of Mala- 
“guti^), who assigns to it the formula C^ lliigi pl^ Og) is Cg H, CI3 O4, 
i. UK^aoBtonie acid, in which 3 H are repbteed by 3 Cl. 

NickliB(3) has examined the crystalline form , of ch^rosuocinic 
arad; he, however, considers his m^nrements insufficient for’ the 
aeenrate determination of the axial system of this substance. It 
appears to crystall^e in' the monoclinomOtric system^ 

‘ Kaue Aeia.— Dessaignes and Ghautard(4) have made the obser- 
vation that neutral malate of lime, left in contact with water for 
two days, was mostly converted into roughs transparent crystals, of 
aboui diameter; the composition of these crystals was found to 
be, 2 CaO, Cg Hg 03^*6 HO ; 6 eqs. of water are expdled at lOO”. 
They did not succeed in a repetition of alhis metamorphosis. 
(These crysj^ are, however, always formed, the juice of mountain- 
ash berries. bp nearly neutralized with milk of lime, and then be 
left undisturbed, instead of being boiled; when they are deposited 
generally after two or three days,soften in thick 

Nicklbs has made nngular meashrements of the crystals..;!^- 
iimalate qf ammonia, (Comp. p. Id). 

oitrte Acid.----Rogd-l)elabarrii|||B ' has srecosllKeoded qf 

magnesia as^^^gative, of agrei^le tf^ei. commuu^ to 

the best me^flU' ^ prepuing this n{4^icme,-have been made by 
^ Mialhe(6)/Mas8ignbu(7), and ■Winkler(8). ' : 

AsttoB Of ilreiabie On Cltratesi .Xtaei^W^ ipd 
— Cahour8(9) has studied the action , ©? l^^me O^ ita- 

conates, and citraconatps. On addition <^.bncmhie in portions 
to avooncehtrated solution of dti^ 

pears, heat mid carbonic .acid b^g V dla^g!^^* is 


. (s) nsmUns^ jv 



t, 772. 


(i); 3. phsmi. [3jxnr,28s. 

(8) AaS*. Ch. Kiyias] XXI^^ 

(9) Ann. raj’Xpl. 4P4f.i?. Ifea0ife»r»' 8%^ IXIV 
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added until the effervescence teases/ and anaumcB a pert&a* 

nent reddish colour^ and the excess df btoninQ be caif^ly removed 
by a dilute solution of potassa^ an oily^ colourleill^Kqutdi «ot aromatic 
odouFj separates^ which is a mixture of three diflbrent Inibstances ; 
the most volatile of these is bromoform (C^ H Br 3 ; CahoUrs det€^ 
mined its spec. gray, as 2*90 at 12^, its lmiling-][>oint its vapour*^ 

density 8*63, by calculation 8*56, on the assumption of a condensa- 
tion to 4 volumes) ; the least volatile product is crystallizdble and' 
partially decomposable by heat ; the third substance is formed only ill 
small quantity, and cannot be freed from the two former. If, in the 
distillation of the oleaginous fluid with water, the operation be 
interrupted as soon as oily drops cease to separate from the aqueous 
distillate, the residue in the retort solidifies, on cooling, to a crystel- 
line mass ; this being washed with water, and dissolved iu boiling 
alcohol, the resulting solution, if saturated, deposits on cooling, long 
white needles, of silky lustre ; if more dilute, broad transparent plates 
are obtained by spontaneous evaporation. The substance thus ob- 
tained, which is insoluble in cold and hot water, but soluble in 
alcohol, ether, and pyroiylic spirit, has the composition H Br^ 
and is called by Gah^urs bromoxaform, it fuses at 74P to 75^; if the 
temperature is raised, it sublimes partially \inchanged, remainder 
is decomposed with liberation of bromine; it is dissolved by a con- 
centrated solution of potassa in the cold, and*decomposcd by it under 
heat, with formation of bromide of 'potassiam 3 oxalate of potassa, and 
bromoform ; concentrated sulphuric acid dissolves it to a small extent 
at a gentle heat, and decomposes it, at the boiling temperature, with 
evolution of bromrngkand formating of an oily substance; moderately 
concentrated nitric acid has no action upon it in the«^d, it dissolves 
a small portion by the aid of beat (depositing it agaflPon cooling, in 
thin needles), while the remainder fuses to an oil, solidifying with 
crystalline texture, on cooling. — »The citrates of soda and baryta 
comport «them8elves analogously to citrate of potassa; citrate of 
afnmonia behaves differently ; the action of bromine upon it causes 
an abundant evolution of carbonic acid, but no oleaginous flmd is 
formed.-*-tThe addition of bromine, drop by drop, to a concentrated 
solution of neutral itaconate or citraconate of potassa, produces an 
elevation of temperature, carbonic acid is evolved, and an oily liquid 
gradually separates. Ihis is washed with potassa, upon which a 
slight residue, of an aiomatic odour, remains behfnd ; dilute hydro- 
chloric acid separates from the alkaline solution, sometimes an t)ily, 
sometimes a butter-like substance, which soon solidifies; both 
bodies have the same composition, but differ^ not only in their state 
VOL. I. c c 
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of aggregation^ but also by tho solid substance being more soluble 
than the liquid. The latter, when washed and dried in vacuo over 
sulphuric add, is a pale amber^yellow liquid, possessing a peculiar 
odour, pungent taste, and a high^ specific gravity than water ; it is 
but slightly soluble in the latter, but dissolves in alcohol and ether 
in all* proportions; its formula is CgH((Br2 04; when kept for a 
lengthened period, it sometimes remains liquid and sometimes crys- 
tallizes ; it is partially decomposed on distillation, with evolution of 
hydrobromic acid and separation of carbon ; ,it is scarcely attacked by 
moderately concentrated nitric acid, but is dissolved by concentrated 
sulphuric acid at a gentle heat, and partially repredpitated by water ; 
a concentrated solution of potassa decomposes it, with disengagement 
of heat and a very peculiar odour, so that an oily liquid is no 
longer separated from the alkaline solution by an acid ; it is an acid 
substance (termed by Cahours, Bromoiriconic acid), forming with 
ammonia a soluble salt, which crystallizes in yellowish-white scales, 
greasy to the touch, of the composition N O, 2 (Cg Hg Br^ O3) ; 
by decomposition of the ammonia-salt with nitrate of protoxide of 
silver, a silver-salt, Ag O, Cg Hg Br^ Osj is obtained as a curdy pre- 
cipitate, somewhat soluble in water, and becoming a tenacious mass 
after a little time ; with oxide of ethyl it forms a liquid ether, C4 Hg 0, 
which has a penetrating odour when heated ; its flavour 
is similar to that of the radish, it is heavier than water, and undergoes 
partial decomposition by distillation. (It is prepared by dissolving 
the acid in alcohol, saturating with hydrochloric acid at 70 ^ to 80 ^, dis- 
tilling and adding water to the distillate, upon which a heavy oil sepa- 
rates, which is washed first with alkane and then with pure water). The 
solid acid, into which the liquid likewise occftsionally changes, may be 
obtained by re^stallization from ether in the form of long needles, 
of silky lustre ; it has the same composition as the foregoing liquid, 
fuses at a slightly elevated temperature, may be nearly completely 
volatilized by a gentle heat without decomposition, is tolerably solul)le 
in cold and more so in boiling water, and separates from this solu- 
tion, on cooling, in thin needles; it forms with the alkalies soluble 
and crystallizable salts; with the protoxides of lead and silver, 
slightly soluble compounds. — If bromine ia allowed to act on a solu- 
tion of citraconate of potassa, containing an excess of alkali, carbonic 
acid is likewise disengaged, and a yeUowish oil formed, which is 
partially soluble in a dilute solution of potassa, an ml, of an agiueable 
odour, being lefh behind ; the acid, taken up by the potassa, is sepa- 
rated from thi allialine solution^ by acids, in white crystalline flakes, 
which aee wadied with a small quantity of water, pressed between 
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bibulous paper^ and dried ifi vaem. It is obtained^ byreci^stallisatton 
from ether^ in tbe form of long needles^ of the compoaition 
Cq Br^ O^. This substance is tolerably soluble'm cold^ and more 
so in boOing water; it dissolves in all proportions in alcohol and 
in ether^ and may be completely volatilized without decomptosition by 
careAil application of heat* Gahours has termed it hromiftyitAe wAd. 
— ^The aoids^ Cq Br^ and H 4 Br^ O 4 , may be regarded as butyric 
and metacetonic acidify in which 2H are replaced by 2 Br. The 
compound, Br^ O 4 ,- could not be prepared by the action of 

bromine on butyric acid. . By allowing the action of bromine on 
neutral citraconate < of potassa to continue just until a few drops of 
the oily fluid had separated, Cahours obtained, by evaporation, a 
saline mass, partly soluble in alcohol; the addition of a few drops of 
sulphuric acid to the alcoholic liquid separated a substance soluble in 
water and in alcohol, of an odour similar to that of the volatile fatty 
acids, but less powerful, and rather different from that of butyric acid. 
By treating atf alcoholic solution of Cg Hg Br^ with potassium- 
amalgam, bromide of potassium was formed, and a potassa-salt 
remained dissolved in the alcohol, from which acids separated a crys- 
tallizable substance, very soluble, particularly so in hot water, and 
possessing the odour of tbe volatile fatty acids. — The aroipatic liquid, 
mentioned several times previously, in the preparation of the brominated 
acids, as insoluble in dilute potassa, is likewise insoluble in pure water, 
but dissolves in alcohol and ether; it has a high specific gravity, and on 
being heated, evolves hydrobromic acid, leaving a carbonaceous residue. 
Its analyses correspond to the formula, Cg H^Br^ Og, which Cahours, 
however, does not consider as defitiitively established. — The following 
IS stated by Gahours respecting the action of bromine on salts of 
other organic acids. On adding bromine, drop by dr^, to a slightly 
alkaline solution of oxalate of potassa or soda in the cold, no action 
ensues, but at a temperature of 40® to 60®, bromide of potassium or 
of sodium and carbonic acid are formed. Oxalate of protoxide of 
lead, or protoxide of silver, exhibit a similar behaviour. Bromine 
has no action on tie acetates of potassa or soda. Alkaline pyro- 
mucates and pyromeconates are violently acted upon by bromine, with 
formation of a heavy reddish oil, and disengagement of fumes, of a 
penetrating odour, which strongly attack the eyes. Tartrate of potassa 
forms, with bromine, bromide of potassium and bitartrate of 
potassa ; malate of potassa behaves with bromine like citrate of 
potassa, the products of decomposition do not, however, appear '^^io 
marked. Alkaline taimates and gallatl» are violen% acted upon by 
bromine; the only result, boWeveTi is a brownish resin, which is 
sometimes tenacious, sometimes brittle. 
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Tartaric Acid. — Mohr(l) has communicated some observations on 
the purification of bitartrate of pota8sairomi\ie\ime^9iAti incidentally 
he has determined that 1 part of tartrate of lime is soluble in 6265 
parts of water at 15^^ and in 352 of boiling water. Knop(2) has 
found crude bitartrate of potassa to contain a yellow colouring matter^ 
insoluble in carbonate of soda^ but soluble in caustic ammonia or 
potassa. 

The amount of water in several tartrates has been again determined 
by Berlin(3). He likewise found the crystallized neutral potassa-^ 
salt to contain 2 KO, Cg + HO, (thjs water is not expelled at 

100^, but is so at 180^) ; tartrate of potassa and soda he found, like 
Schaffgotsch, Mitscherlich and Fresenius, to be KO, NaO, 
Cg HO ; the tartrate of teroxide of antimony and potassa, 

in whatever way it was prepared, had the formula KO, SbOg, Cg Ojq 
+ HO, (exposed to a stream of dry air at 100^, this salt rapidly loses 
about § of its water, the remainder escapes only very slowly ; above 
100®, the elements of water in the substance combine, and at 130® to 
180®, one eq. of newly formed water escapes, at 200® to 220® a 
second is expelled) ; the tartrate of teroande of antimony and am- 
monia, isomorphous with the former, is NH^O, SbOg, CsH.O.o 
+ HO, (1 eq. of water escapes by the efflorescence of the salt, or 
more rapidly at 70® to 80® ; at 100® 2 HO more are expelled ; no 
ammonia escapes even at a temperature of 200®) ; the formula of a 
tartrate of teroxide of antimony and ammonia of an aqueous constitution 
different from the former, was found to be NH^ O, SbOg, Cg O^q 
+ 5 HO. This salt is deposited as a crystalline powder on rapidly 
codling a solution of the double tartrate, and keeping it continually 
stirred, and sometimes also, alone or together with the former salt, 
on spontaneous evaporation of the solution, in large flat, easily 
efflorescing four-sided prisms, (the 6 eqs. of water of crystallization 
escape at 100®, together with 1 eq. of newly formed water) \ 
Berlin’s formula for the tartrate of teroxide of antimony and baryta 
is 2 (BaO, SbOg,- Cg II4 Oj^,) + 5 HO, in accordance with the deter- 
minations of Dumas and Firia, (at 100®, 2 eqs. of newly formed 
water escape, besides the 5 eqs. of water of crystallization ; at 250® 
2 farther eqs. are expelled) ; tartrate of teroxide of antimmy and 
protoxide qf silver was also found by him to be imhydrous. 


(1) Arch. Pbarm. [2] UIl, 161. 

(2) Pharm. Centr. 1848, 63. 

(3) Arch. Pbarm. [2] LII, 257, (la abstr.) ; Ann. Gb. Pbarm. UIV, 358; J. Pbarm. 
[3] XIV, 372. 
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According to F. Kessler(l), a mixture of a warm saturated solu- 
tion of equal equivalents of tertrate of teroxide of antimony and 
potassa, and of nitrate of strontia^ deposits a crystalline rnass^ which^ 
by washing with hot water^ dissolving in a cold solution of nitrate 
of strontia^ and heating to 100 ^, may be obtained crystallised in small 
prisms. This compound is tartrate of teroodde of ^ afiHmony and 
strontia^ SrO, Sb 03 ^ Cg H 4 it may be heated to 210® for some 
time without sustaining any appreciable loss. By digesting it at 80^ 
to ,36® with a solution of 1 part of nitrate of strontia in 2 of water^ 
and allowing the solution to evaporate spontaneously, fine large 
crystals of a compound SrO, Sb 03 , Cg Ojg-fSrO, NO 5 + I 2 HO 
are obtained which are easily soluble in cold water, (the foregoing 
salt separates from this solution on the application of heat). They 
are not affected by cold sulphuric acid, but are decomposed by warm 
acid with the formation, first of carbonic oxide, and then of binoxide 
of nitrogen and sulphurous acid. 

Schwarzcnberg(2) obtained, on boiling teroxide of bismuth 
with bitartratc of potassa, a clear syrupy filtrate, which was 
precipitated by acids, but not by water, and which yielded, by con- 
centration in the water-bath, a heavy white crystalline powder of 
tartrate of teroxide of bismuth and potassa, having, when dried at 
100 ®, the composition KO, BiOg, Cg Oio ; it was decomposed by 
water, (the latter becoming acid, without containing any bismuth in 
solution), 

Marsson(3) has contributed to our knowledge of the taitrates of 
sesquioxide of iron and potassa. — ^With respect to the compounds 
resulting from acid tartrate of potassa and boracic acid or biborate of 
soda, Krug(4) has endeavoured to establish the view that the 
boracic acid does not exist in them as a base (analogous to the 
teroxide of antimony in the tartrate of antimony and potassa), but 
that these substances contain a peculiar conjugate acid, consisting of 
boracic and tartaric acids. 

Metmnorphosesof Tartaric Add Hj Heat. — Fremy(5) had stated, 
that crystallized ti^aric acid (2 HO, Cg H 4 Ojq), lost by heating, 
first i HO, being converted into tartralic acid, that ’it then, by the 
loss, altogether, of 1 HQ, changed into tartrelic acid, and that at 
last by losing 2 HO it became anhydrous tartaric acid. Laurent 


(1) Chem. Oaz. 1849, 97; P<^. Ann. LXXV, 410 ; J. Pr. Chem. XLV,361,(iu 
abstr.) ; Ann. Ch. Pharm. LXYllI, 334. 

(2) Ann. Ch. Phann. LXI, 244. (4) Arch. Pharm. [2] LV, 17. 

(3) Arch. Phalm. [2] LIII, 169. (5) Ann. Ch. Phys. [2] LXVIII, 353. 
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MetftMor- 
pflOSMiOf 
tnrtarlc ' 
add by 
heat. 


Oerhardt(}) make tke Mowing irtatements : crystallized tartaric 
^d/^when car^lly heated in an oil-batk until just perfectly fused^ is 
eohli^rted^ without loss Of weighty into another acid^ metatartaric 
acid, which has the appj^rahfee of a transparent gum^ is deliquescent^ 
YormSi with 'potassa and ammonia^ aCid salts of different forms of 
crystallization^ and of grater solnbiUty than the tartrates, does not 
precipitate lime-salts by itself, and only slowly and from concentrated 
solutions, when neubralized with ainmonia> producing a precipitate, 
which is soluble in much water, and of a crystalline form, different 
from that of tartrate of lime. According to Pasteur^ s observation, 
it deflects the plane of polarization in the same .direction as tartaric 
acid. The acid metatartrate of ammonia soon separates, on addition 
of a little ammonia to fused tartaric acid, in the form of groups 
of needles; its composition is the same as ^ that of bitartrate of 
ammonia, (NH^ O, HO, Cg Ojg), it may be recrystallized from its 
solution in luke-warm water, but is converted, by boiling, into the 
tartrate. The acid metatartrate of potassa corresponds in appearance, 
behaviour, and composition to the former salt. If metatartaric add 
be neutralized with potassa, alcohol, precipitates a transparent oil 
which slowly solidifies to tartrate of potassa. The neutral lime- 
salt, when crystallized, is 2 CaO, Cg Oiq+ 8 HO, dried at 16(y* 
it contains 2 eqs. of water, at 230^^ it becomes anhydrous. When 
once crystallized, it is difficultly soluble in boiling water, by which it is 
converted into common tartrate. The neutral baryta-salt precipitates 
on addition of a salt of baryta to neutral metatartrate of ammonia, in 
the form of a series of globules, having the same composition as the 
crystallized tartrate of baryta. — If tartaric acid be kept in fusion for a 
longer period, there is formed, besides the former add, another, viz. : 
isoiartaric add, the neutral salts of which are isomeric with the 
add tartrates, and whose lime-salt (a very soluble neutral,, syrupy, un- 
crystallizable compound) becomes acid on boiling; this reactmn is 
accompanied by the formation of metatartaric acid and neutral meta- 
tartrate of lime. This lime-salt, in an impure state, is Fremy's 
tartralate bf lime. . It is procured, not quite free from metatartrate of 
lithe, by heating tartaric acid a little above its fusing point for some 
time, and saturating the aqueous solution of the maes with carbonate 
’ 6f lime, when, ’^besides a tenadous insoluble salt (the 80 -*ealled tar- 
trelate), a very soluble neutral salt is' obtained. It may be prepared 
pure from isotartridic acid formed by behting tartaric acid to 


(n Compt. Bend. XXVII, 318; InStit. 1848, 293; lisursnt und Gerhardt’s Compt. 
Rend, des Trav. Chim. 1848, 1 (J. Pr. Chem. XLVI, 360) and 97. ^ 
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intumescence^ as will bc presently described; by dissolving this acid 
in cold water, saturating with ammonia, mixing the liquid with a 
concentrated solution of acetate of lime, and adding alcohol drop by beat, 
drop, while the mixture is kept stirred, it separates as a thick, trans* 
parent oil, scarcely coloured ; the supernatant liquid is poured off 
and alcohol added to the precipitate, which is still kept continually 
stirred, when the whole soon beeomes solid and apparently 
crystalline; the mass is then washed with alcohol and dried. If the 
operation has been conducted rapidly, a neutral salt, easily soluble in 
cold water, is obtained, which, dried at 160^, has the composition 
CaO, Cg H 5 Isotartrate of potassa precipitates as an oil, on 
adding isotartridic acid in the cold to a slight excess of an alcoholic 
solution of potassa; it is uncrystallizable and deliquescent^^ and is 
converted by heat into the acid metatartrate. The isotartrate of am- 
monia, obtained in the same manner, is likewise uncrystallizable and 
is converted by heat into the acid metatartrate, without loss of 
ammonia. When added to acetate or sulphate of protoxide of copper, 
it produces no precipitate, but, on addition of alcohol, the isotartrate 
of protoxide of copper separates as a glutinous green salt. — The 
tenacious lime-salt, discovered by Braconnot, which is obtained 
from tartaric acid, subjected to a higher temperature, and saturated 
with carbonate of lime, was considered by Tremy to be tartrelate of 
lime (comp. p. 390) ; according to Laurent and Gerhardt the 
acid contained therein is iaoturtridic add (the hydrate, according 
to the generally adopted view), isomeric with anhydrous tartaric 
acid (Cg O^q). The salts of isotartridic acid are easily prepared 
by the ^addition of the acid to solutiona of acetates; with alkalies, 
however, it immediately forms isotartrates. Isotartridic acid renders 
lime-water turbid and produces a syrupy precipitate with acetate of 
lime or baryta, but not with nitrate of baryta. The lime-salt is 
prepared by a method similar to that for the isotartrate. The com- 
position of the isotartridates of baryta, strontia and protoxide of lead 
was found to be expressed by the formula MO, Cg Hg Og. 

PyroUMarie Acia« — ^Arppe(l) has accurately investigated pyro- 
tartaric acid. He prepared it, according to the directions ^ven by 
Millon and Beiset, by distilling pulverized tartaric acid with 
powdered pumice-stone (carb<mic acid, water, some acetic acid and ' 
empyreumatic oil being produced^ besides pyrotartatic acid)» The 
aqueous was separated from the oily distillate by a wet filter, and 

(fj In abstract from “ Dissert, de Acido Pyrotartanco, llelsingf. 1847/’ in Ann. Ch. 

Pharm. LXVI, 73. 
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ev^x^rated'at a gentle heiitj till.it oemUD^ced to crystallize; the 
jEj^iidtiiig ory^allitie masi^-was spread; on bibulous paper^ in an 
atmosphere of alcohoX-vapbur, J>y which means the impurities were 
d&solvcd^vand abebjrl^X aque 9 ua sdution of the crystals thus 
purified was digested Mih nitric acid^ crystallized^ and the crystals 
fused; to expel the nitric add; tha pure pyrotartaric acid thus 
obtained; amounted to 7 per cent of the weight of tartaric acid 
employed. — ^Pyrotartaric acid has an .agreeable and cooling acid 
taste; it is inodorous; fuseS; and commences to vaporize at 100^; it 
boils at 190^; upon which the boiling-point gradually rises to 220^. 
It is soluble in parts of water; at about 20^; and expels carbonic 
acid from its combinations. Its composition; in the crystalline state; 
or fused at 100^ is; HO^G^HgOg (as already stated by Pelouze). 
After fusion and continued ebullition in a glass tube; it crystallizes 
no longer, or only partially; the portion that remains fluid has no 
acid reaction, and separates from water in the form of oily drops, 
which, however, disappear after some time. This oily fluid is 
obtained pure, by distilling pyi*otartaric acid with anhydrous phos- 
phoric acid (in the first portion of the distillate) ; it is colourless, 
inodorous at 20^, and smelling of acetic acid at 40^; it is heavier 
than water, remains fluid at 10^, and boils at 230^ almost without 
decomposition ; it is neutral, easily soluble in alcohol, and reprecipi- 
tated hy water, and becomes converted by the latter, and even more 
rapidly by the alkalies, into crystallized pyrotartaric acid. — It has 
the composition of anhydrous pyrotartaric acid. — ^With respect to the 
formulte of the pyrotartrates analysed by Arppe, he has given the 
following synopsis (X representing Cg Hg Og) : 

ACID SALTS. 

CsO, X + ft(HO,X) + 2HO SrO,X.|- HO, X •<■2 HO K 0,X-fII0,X 

FSkOL 3X 16 (HO, X) -t- 3 HO BeO, X + 3 (HO, X) Ns 0, X + HO, X 

BsO, X+ HO, X +2110 NiO,X + 3(HO,X) NH 40 ,X + HO,X 

8(B.O,X)+ 2(HO,X) + 3HO 

NBVTRAL SALTS. 

NsO,X+6HO MgO,X+6HO CoO,X+3HO MnO.X+3HO BaO,X+2HOtAgO, X 
ZiiO,X+3HO MgO,X+4HO CoO,X + 2HO HnO,X+ HO 8rO.X+ HO PbO, X 
ZaO,X+ HO MgO,X+ HO CoO,X+ HO Ni 0,X+2n0 K O, X+ HO Fe.O»3X 
ZdO,X ]CsO,X + 2HO|CuO,X + 2HO PbO,X + 2HO 

' ‘ BASIC salts'* 

BsA, 8X+ 5HO AI40.2X+ BO ( 8BiO„3X+2HO I 3PbO,X 
9FSA..X+10HO 2CaO, X + 8HO 2;.40„3X+ HO 2PbO, X 

Zfefit, X 2ZbO,. X+Hp | 20,0,3X4 HO | 2SnO,X 

jubfccwttv Asm. — ^R especting Pasteur's statements on tlie comflosi- 
tion of taoeuiic acid, compiore page 22. LauVent and Gerhardt 



ACIDS AND COLLATERAL MATTERS. 


393 

(in their researches^ page 390) found that racemic acid could be 
likewise fused and converted into inelirtartaric acidj without loss of 
weight. 

liactic Acta. — On the occurrence of lactic add in fleehj see 
Flesh.^^ ^ f 

On Bensch’s prescription for the production of lactic 'acid, 
see '^Butyric Acid/^-^Engelhardt and’ Maddrell(l} obtained, 
according to that prescription, from 18 pounds of cane-sugar, about 
21 pounds of lactate of lime; the acid, separated from the salt of 
protoxide of zinc by hydrosulphuric acid, or from the Hme-salt, by 
an exact equivalent of sulphuric acid, and evaporated to syrupy 
consistency, was further purified by solution in ether, and evapora- 
tion. With respect to the formation of butyric acid, they differ 
from Waekenroder^s(2) opinion that this acid was not produced 
wh^ii a ferment free from fat was employed. They found that by 
using casein, free from fat, as a ferment with pure lactate of lime, 
and observing the other conditions requisite for the production 
of butyric acid, the conversion was readily efiected, whereas, without 
the addition of a ferment, the pure lactate of lime remained un- 
changed. Access of air was found to accelerate the conversion of 
lactate of lime into butyrate, but not to be actually indispensable in 
the process. The gas generated during this change was found to 
consist of about 3 carbonic acid to 4 hydrogen. Engclhardt and 
Maddrell did not observe the formation of mannite, in the prepara- 
tion of lactic acid from sugar, (which has been since shown to be 
always present, compare page 355), but noticed the production of 
a gummy substance. The syrupy mass, obtained by evaporation of 
the mother-liquor, was dissolved in boiling spirits of wine; from 
this solution separated, on cooling, a crystalline lime-compound, 
which, after recrystallization from alcohol, was found to have the 
composition, CaO, C^q -h 12 HO (the water escapes by 

exposure in vacuo); on precipitating the aqueous solution of this 
compound by carbonate of ammonia, and evaporating considerably, 
the syrup obtained had not the slightest sweet taste. — ^They, like- 
wise, failed in obtaining lactic acid in the solid form, even at from 
— 20® to — 24®. — ^The lactates investigated by them were found to 
be insoluble in ether, and difficultly soluble in cold water and 
alcohol ; only a few of them were easily and considerably soluble in 


(1) Ann. Ch Pharp. LXIII, 83; Jf. Pr. Chetn.XLm, 390 (in ab»tr,>; J. Pham. [3] 
XII, 447 (in which Gerhardt daima the priority of conaidering lactic add aa bihasic). 

(2) Arch. Phann. [2] XLVII, 219. 
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ajcohol, tliey are apklde to a gmter extent^ ia boiliog water. 

. AVI Vai^tes, with ^qeptibxi of the gait of protqidde of nickel^ part 
with the whole of 'their water of erystaHizatio^ a^ of 

them may be heated ^ to firpm X60^ tQ apd the lactate of 

protoxide of zinc up >tp 210?,; without decomposition.-~-If excess 
of carbonate of protpid^ of sUver be boiled with lactic acid, 
lacMe vf protosi^ qf Miner crystallises from the neutral solution 
formed, in silky nee^es, generally grouped in warty concretions, 
which ea8% blacken on exposure to light, and fuse, wilh decomposi- 
tion,. at 100°; when dried in the air this salt is AgO, Cg Hg Og 
+ 2 HO. It parts with its water at 80°, and in vacm* — Lactate of 
protoxide of copper , obtained in the same manneri and purified, by 
recrystallization, from a basic salt, which generally is produced 
simultaneoudiy, forms large crystals, varying in colour between blue 
and green, which, according to Ettling^s determination, are mono- 
clinometric, and have the formula, CuO, CgH 5 05+2 HO; they are 
soluble in 115 parts of cold, and 26 parts of boiling water, the 
solution having a strongly acid reaction; by the addition of a little 
alcohol to the aqueous solution, the salt is obtained of a light-blue 
colour, and of satiny lustre, but of unaltered composition.— In the 
preparation of the preceding salt, soon after the solution has cooled, 
a basic salt is deposited, of alight-blue colour, and of the formula, 
2 CuO, Cq Hg Og, when dried at 100° ; it is difficultly soluble in cold 
as well as boiling water, and may be separated, by levigation, as the 
heavier substance, from another basic salt, which is formed at the 
same time. — Lactate of protoxide of cadmium (prepared like the 
silver-salt) crystallizes from the solution, evaporated to the formation 
of a pellicle, in small, anhydrous, colourless needles, GdO,Cg Hg Og ; 
it is insoluble in cold and warm alcohol, but soluble in 10 parts 
of cold, and 8 of boiling water; the solution is neutral.-r-Xoc/a/c 
of Mtboxide of mercury is. obtained ’by mixihgv concentrated solu- 
tions of lactate of soda, and of nitrate of subo^e of mercury. The 
mixture is at first colourless, but assumes afterwar4s a beautiful rose, 
or carmine colour; some mercury is depbst^/ and twenfy- 

four hours magnificent groups of orystals,.v>Qf the same colour, 
separate from the filtrate, in the form of^rosettes. The formula of 
thk salt is Hgg O, Cg Hg Og +2 HO jv ^ at 3lOQ° it. darkens, without 
being decomposed ; it is difficultly soluble ip waj^^^ 
likewise^n bofimg aleohol> and. is insoluble ih:leol^A£|JlK>hol^ v The 

„ Bolutjkm has a strong acid reai^ion^^j^ • iM^ue^ 

posed by^boiling, with separati^ m metallki di^r^, aitd formation 
of a salt of the protqxide,--^jlS^ mcrdiry. 
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2 HgO, Cj Hs 0^ is pvodviced by boiUiig protopdii of nsFcary wUb 
lactic acid till tbe sojatioa is satiniitea> (nsqwintmg it to the 
consistent of syropi aad'treatiiig the orystallino mattt lhat aspamtes, 
with boiling water, itt which H .disatives, ,^Viikg « li|d>l^y«how 
pulvemlent residue); it cryatalliae^frtRa aolutioB in highly 
lustrous, anhydrous prisms, easily soluble in, eold aod Ix^g 
water, but difficultly so in cold and boiling alcohol. The solutions 
have a strongly atnd reaction, and are not decomposed by boiling.— 
Basic lactate ^ pntoaide cf tin, 2 SnO, C, Hj Oj, separates as an 
anhydrous crystalline powder, on mixing lactate of soda with ap acid 
solution of protochloride of tin ; this powder is rnsolable in cold and 
boiling alcohol, and in cold water, very slightly soluble in boiling 
water (yielding an acid solhtion), it dissolves freely in hydroidiloric 
acid, and but slowly in acetic add. — Addition of bichloride of tin to 
lactate of soda produces no predpitation, nor does the mixture, 
evaporated to syrupy consistency, deposit any crystals. — Lactate 
of protoseide of lead could not be obtained in the crystalline state, 
nor of definite properties ; the neutral solution yields, on evaporation, 
a gummy mass, whidi is easily soluble in dilute spirit, but slightly 
so in alcohol, with application of heat. — Lactate of sesquiostide qf 
uranium was formed by dissolving the sesquiozide in lactic add, 
and evaporating to the consistency of syrup, when, on coding, the 
anhydrous salt was deposited in light>yellow crusts (U, O 3 , C, Hg Og). 
It IS but very little soluble in alcohol, but easily so in cold and 
boilmg water. The solntion has a strongly add reaction, and is 
decomposed by solar radiation, with green coloration, and subse- 
quent deposition of brovm sesquiozide of uranium.— Teroxide of 
antimony is scarcely soluble in lactic add, but dissolves to a con- 
siderable extent in add lactate of potassa, no crystalline compound 
could, however, be obtained; nor could the combinations of lactic 
add with the sesquiozides of iron and chromium, or with alumina, 
be obtained crystidline. — Lactate of protoxide of iron was prepared 
according to Fagenstecher’s prescription (this salt sqiarates after 
twenty-four hours ftem the mixture of laotote of ammonia with 
protochloride of iron), or better, by decomposing sulphate* of pro- 
toxide of iron with lactate of baryta in a fiask, at the boQing 
temperature, and adding alcohd to the filtrate; it erystaUiaes from 
water in tolerably large, paleryellow needles, and from ^ute spirit in 
small white peedles ; when dried in the air it has die Composition, 
FeO, Cg Hg Og-f 3 HO ; whoa exposed to the air it becomei oxidised, 
assuming a dsik colour, and loses water at 60^ to 6 (F, It is 
difficultly soluble in col^ and tolerably so in boiling water and 
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alcobol^ the solutions have an acid reaction^ and become dark-^brovm 
on exposure to the air. — ^The formula of lactate cf protoaAde of zinc, 
in^the crystallized state^ and dried in the air^ has been confirmed by 
^ngelhardt and Maddrell as beings ZnO^ C^H^O^+S HO; it 
dissolves^ according to them^ in 68 parts of cold^ and 8 of boiling 
water^ but is scarcely at all soluble in cold or in boiling alcohol ; the 
solutions are acid. With the composition of this salt corresponds 
exactly that of the lactate of protomnde of nickel (which occurs in 
apple green needles^ "or crystalline crusts; losing 2 eqs. of water at 
100^, and the third only at 130^) ; as does likewise that of the peach- 
blossom lactate of protoaAde of cobalt, that of lactate of protoxide of 
^manganese (which forms colourless^ or pale-amethyst crystals)^ and 
that of lactate of magnesia (forming crystalline crusts, which are not 
efflorescent). — Neutral lactate of lime crystallizes from its concen- 
trated aqueous soluticTn in hard grains, consisting of concentric rings 
of radiating crystals^ of the formula, CaO, Cg Hg O 5 + 6 HO (Engel- 
hardt and Maddrell found that the whole of the nrater was 
expelled at 100^) ; they are soluble in 9*5 of dbld water, and in all 
proportions in boiling water, but not at all in absolute aleohol ; the 
aqueous solution is neutral. Lactate of lime is deposited from its solu- 
tion, in dilute spirit, as a magma of crystals, which contain the same 
quantity of water as above-stated. The aqueous solution of this salt, 
mixed with excess of chloride of calcium, and concentrated conside- 
rably, produces prismatic crystals, not affected by the air, of the 
composition CaCl + CaO, CgHgOgH-GHO, which are easily soluble 
in* Water and boiling dilute spirit, only slightly so in cold alcohol, 
but tolerably soluble in hot alcohol, and lose 5 HO at 110^. By 
recrystallization, pf these crystals from water, a salt is obtained, con- 
taining a smaller amount of chlorine. — Add lactate of lime is 
produced by adding lactic acid to a solution of the ; 

crystals of the latter salt are first deposited fron^ the Itolutlbn, on con- 
centration to syrupy consistency ; nodules of q^^ihted fibrous crystals 
are obtained, having the composition, 05 + HO, C^HgOg 

+ 2 HO. This acid salt is soluble i fl^S^ jlpl, loses 2 HO at 80^, 
and is decomposed by exposure to a Ujl|tfHemperature. — Lactate of 
strontia is a neutral salt, similar t^jp^liine-salt ; when dried in the 
air it has the formula, SrO, Gg Hg 0^'+8 HO, becoming anhydrous at 
lOQP. — Neutral lactate of baryta could not be obtained crystallized ; 
the acid lactate, hou^ver, was ^ptodpeed as a distinctly c^^ 8 tfdline 
salt of strongly mi, reactif|i^^ tmaffected by the *air. And having, 
when dried in the atetfwiere, the composition, BaO, GgHgOg 
+ HO, Cg Hg Og ; at it shrinks a little, and has an empyreu- 
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niatic odour.-— The potassa-^ soda-^ and ammonia-salts could not be 
obtained in crystals. Engelhardt and Maddrell believe lactic 
acid to be bibasic, and that its formula should be doubled^ and are 
of opinion that the existence of the acid salts just described^ and the 
conversion into butyric acid^ ate arguments in favour of this 
view(l). 

Engelhardt(2) has likewise investigated lactate of terowide of 
bismuth* Carbonate^ or hydrate of teroxide of bismuth^ dissolves 
only to a small extent in lactic acid, without forming an insoluble 
salt; the strongly, acid solution, after concentration^ deposits, on 
cooling, small needles of a salt, which may be obtained in larger 
quantity by mixing excess of lactate of ^otassa, in the cold, with , 
a solution of teroxide of bismuth in nitric acid, and dissolving, 
in as little water as possible, the magma of crystals which sepa- 
rates from concentrated solutions; lactate of^ teroxide of bismuth 
soon separates in crystalline crusts (a larger quantity is deposited, 
after a time, from the mother-liquor, oft mixing it with spirit till it 
becomes milky) ; this salt is, BiOg, 2 Hg Og ; it is only slightly 
soluble in cold, but more so in hot water ; its solution in the latter 
does not, however, yield any crystals on cooling, but deposits the 
salt, upon concentration, in crystalline crusts, soluble in a small 
quantity of water, the solution being rendered very turbid by farther 
dilution. — On mixing hot solutions of lactate of soda, and nitrate of 
teroxide of bismuth, or upon adding the latter to excess of a mode- 
rately dilute solution of the former salt, and boiling, an abundant 
pulverulent precipitate of BiOg, Cg Hg Og is formed, which is not 
dissolved or decomposed by boiling water. 

Liebig(3) has observed that the lactic acid prepared from mus- 
cular flesh, forms a crystalline lime-salt, containing 4 eqs. of water, 
and a salt of protoxide of zinc, containing 2 eqs. lie considered 
it possible, that this difference in the amount of water, from 
that hitherto found* in these salts, might arise from his having 
produced the crystallized salts by evaporation, and not by cooling. — 
EngelhArdt(4) has shown, however, that lactic acid (a) obtained 
from flesh, and that (i) prepared from sugar, really produce salts of 
different aqueous constitution; they differ, likewise, not only with 
respect to the temperature at which they part with their water, or 


(1) It may be added that, in that case, the formula of lactic add would stand in a 
more simple rdation to that of milk-sugar, and of grape-sugar, 

■ (2) Ann. Ch. Pharm. LXV, 367. (3) IWd. LXII, 326. 

(4) Ibid. LXV, 359. 


Lactic 

acid. 



ORGANIC CHEMISTRY. 


3»S 

decomposition^ but also as id their. solubility and external 
properties. The a laoti^ of lime^ when crystallized from water^ con- 
tains always 4^ and the h lactate 6 eqs. of water ; both crystallize from 
akohol with 5 eqs.^ of water^ but ^u recrystallizing the a lactate 
from watcWi it will again be found to contain 4 eqs. The a lac- 
tate of iimO'inhst be kept long^ at 100^^ than the b lactate^ to lose 
all its water; the fiSrtner requires 12*4^ the latter 9*5 parts of cold 
water for aqintion. The a lactate of magnesia dissolves more easily 
in water and alcohol than the b lactate. The former most likely 
contmns 4^ the latter 8 eqs. of water. The a lactate of protoxide 
of zinc always contains 2, the b lactate 8 eqs. of water ; the former 
^parts with it slowly at 100^> and decomposes at 150^| while the latter 
loses its water rapidly at 100°^ and shows^ even at 210°> no signs of 
deccnaposition ; the former is soluble in 5*7 of cold> and 2*88 parts 
of boUing water^ i#2*23 parts of CQld> and*in almost the same 
quantity of boiling alcoHbl i the latter requires for solution 58 parts 
« of coldy and 6 of boiling* Vater^ and is scarcely at all soluble in 
alcohol. The a lactate of protoxide of copper crystallizes in faint 
azure-blue wart-like concretions^ the b lactate^ in tolerably large 
brilliant; well-formed; dark-blue; or greenish crystals; the former 
dissolves in 1*95 parts of cold; 1*24 of boiling water; and much more 
easily in alcohol ; the latter is soluble in 6 j^ts of cold; and 2*2 of 
boiling water; and in 115 parts of cold; am 26 of boiling alcohol ; 
the a lactate loses but littie water over e^huric acid; and is; after 
lengthened exposure to 140^; only partiaH]^ soluble in water, leaving 
a residue of suboxide of copper ; while water in the b lactate 
escapes rapidly over sulphuric acid, or at lOO^, and the salt decomposes 
at from 200® to 210®, smouldering away> and leaving metallic copper. 
The former contains about 9 per eeqt of water, the latter 2 eqs. 
(18*0 per cent).-— Liebig had obtained a hasio salt of protoxide of 
zin6; with lactic acid from Sauerkraut; Engelhardt did not succeed 
in forming such a salt with the lactic acid from sugar. He considered 
H possible that a lactic acid may be monobatic (hi combination 
With bases; CeHjOft); and b lactic aeid bibaaic (CigHioOio).— 
Heintz(l) has confimed Engelhardt^s jphservation with respect to 
the salt of protoxide of zinC; and has fli|pW at the same timC; that 
the a and b lactic adds difier in otW respects than by the one 
contajnipg' 1 m oxygen and hydrogen fin the same proportion as in 
water) than the other, and that it is only a retention of water by the 


(1) Pogg. Ann. I.XXV, 391 ; Chetn. Gaz. 1849, 89. 
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salts of the former acid, ^ich mikes it appear isomeric with the * ® 

latter; he proposes the wskXSiQ poralactic acirf for that contained in 
muscular flesL 

itfasurie Acid^Marsson(l)4^a8 again caUed attention to igasuric 
acid, discovered by Pelletier and Caventou in I^atius^ans and 
nux vomica^ which was found by Garriol to resemble lactic acid, and 
considered by Berzelius, as. identical with it. Marssoii. added to 
the liquid) from which strychnine and brucine had been e^p^ted by 
magnesia, acetate of protoxide of lead, when a co|)ibus precipitate was 
formed, (while lactate of protoxide of lead is easily soluble). Neither 
the liquid, obtained after decomposition of the lead-opmpbund by 
hydrosulphuric acid, nor the compounds of the acid with lime, am* 
monia, or protoxide of zinc, could be made to crystallize. By satu- 
ration of the acid with baryta-water and removal of the excess of 
baryta with . carbonic acid, an uncrystallizabl# salt was obtained, 
which, when dried at 100^, yielded on anal^iiis an amount of ba|:yta 
corresponding closely to that in lactate ol^aryta. Want of material 
prevented Marsson from making a more complete investigation. 

Made Actd.-^Hagen(2) has investigated mucic acid and its salts. 

He found the formation of mucic acid, by the action of nitric acid 
on milk-sugar, to be accompanied by the production of oxalic acid,' 
and observed that the latter acid appeared to be formed principally 
as a direct product of oxidation of the milk-sugar, and only in 
small quantity as a product of the oxidation of mucic acid ; he also 
found that moderately concentrated nitric acid produced the largest 
quantity of mucic acid, and that, by employing concentrated nitric 
acid, probably a portion of the mucic acid was transformed into 
oxalic acid, while too dilute an acid converted the milk-sugar nearly 
exclusively into oxalic acid. In the most successful experiment he 
obtained from 100 parts pf milk-i^ugar 86*9 of mucic acid(8). — Hii||eh 
agrees with the view that mucic acid is bibasic ( 0^2 ^8 ^ 

considers this view supported by the circumstance that, if the equiva*! 
lent of the acid were halved, the amount of water contaip^ei}: in: 
several mucates would stand in very complex and unusual" ktdmic 

(1) Areh. Pharm. [2} LV, 2Sf5. 

(2) Fogg. Ann. LXXI, 531 ; Aim. Ch, Pharm. LXIV, 347 (in abptr.) $ J. Pharm. [3] 

XII, 310. 

(3) Ouckelberger ohtaiiied 60 to 65 per cent of mude add,*% heating 2 parte 
of milk-sugar and 4 of nitric add, spec. grav. 1*42, till a riotent action commenced, 
then cooling, and heating again gently. 
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^rdations. — Neutral mmaU of obtained by saturating the 

jicidwith potassa or carbonate’ of potassa^ is deposited from a boiling 
solution in white cryst^Ube.gmns, .which when dried in the air or at 
100 ^, have the formula 2 ' KO^ 0 , 4 + HO (the water escapes 

at 150^) ) the mother-liqdor, assuntes a brown colour, even if care- 
Ailly purified mucic acid jbc employed; upon addition of a solution of 
nitrate of protoxide df^siTver^ oohtaining a little ammonia, and appli- 
cation of heat, metallic silver is deposited upon the sides of the 
vessel; the presence/*' of saccharic acid, however, could not be proved. 
Bimucate of potassa^ (dried in vacuo and at 100^: KO, HO, 
C ,2 Hs ®i 4 + ^ HO), of which Hess denied the existence, is ob- 
tained by saturating a known Veight of mucic acid with carbonate 
of potassa and adding an equal proportion of th^ acid ; it forms small 
transparent crystals whiph are more easily soluble in water than the 
neutral salt. — NeutrOi niucate of soda crystallizes, on gradual evapo- 
ration of a solution of mucic acid neutralized with carbonate of soda, 
in lasgg perfectly transparent crystals, 2 NaO, Cjj Hg 0^4 + 9 HO, 
whiPh efiSprdiace in the air, and become, by heating to 100 ^, 
2 NaO, Cj 2 Hq 0,4 + HO. The latter salt separates on rapidly 
evaporating a solution of mucate of soda. — Solution of mucic acid 
is not precipitated by sulphate of magnesia. On mixing solutions of 
mucate of SlS^imonia with sulphate of magnesia, a precipitate of 
mucate of magnesia is formed, which increases considerably in 
quantity by boiling the mixture; when dried at 100 ®, it is 
2 MgO, C^gHe 0,4 + 4 110. Mucic acid behaves similarly with 
chloride of calcium; mucate of lime, dried at 100 °, has the formula 
2 CaO, C|, H 3 0 ^ 4+3 HO, and is soluble in acetic acid.— Mucic 
acid produces no precipitate with chloride of barium; on addition 
of ammonia, however, a crystalline precipitate separates, being 
deposited first on that portion of the which has been 

^Bcnttched with the stirring-rod; mucate ^^^yta, thus obtained, 
laud >dried at 100 °, is 2 BaO, Cj, Hg Oi 44 !, 8 .HO.— 3fttca^e of pro- 
Uudie yf copper is obtained by preqipitatioa df sulphate of protoxide 
6 f topper with mucate of ammonia; it is a bludsh-white powder, 
iasolttl^^in water, of the composition 2 CuO, Hg O 14 + HO, 
when at 100 °. — Mucate of protoMf qf-iro», produced in a 

similar mdbner, is a ydkM^b-white pom^, unchanged by exposure 
to th^ aiiv of the comp 9 i ^|^*'2 feO, Qg, Hg 0i4-i-4 HO» when dried 
at 100 °; to a le^ieiFstare of 1 ^ to 160°, it becomes a 

brown mass, spontuifously in&dbmable in the air.— ifneofs of pro- 
toxide of tea^ obtain^ by prempitatiog a solution of mucic acid 
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with acetate of protoxide §[ lead, is a white granular powder, inso- 
luble in water; dried at 100®, it is 2 PbO, Cu Hg O14+2 HO, at 
150® it becomes anhydrous, and is in that state of a cinnamon-hrown 
colour; Hagen^s experiments do not confirm the. statement that a 
portion of the acid may be withdrawn from this salt by ammonia. 
On addition of mucate of ammonia to basic acetate of protoxide of 
lead, a mucilaginous precipitate was obtained, slightly i^sluble in 
water, containing acetic acid and varying amounts of protoxide of 
lead (from 62 to 79 per cent). Hagen confirmed the formula, 
2 AgO, C12 Hg Oj^, for mucate of protoxide of silver, prepared with 
nitrate of protoxide of silver and mucate of ammonia. 

Camphoric Acid. — ^Blumenau(l) has made some communications 
respecting an acid obtained by him from camphor, by treating 
it with nitric acid, with application of he^^t^ until white vapours 
appeared; it differed in its properties from common camphoric 
acid. 

KinicAcid. Kinonc. — Woskresensky had fixed for kinpne the 
relative atomic composition C3HO(2), and Wohler the formula 
C25 Hg Og ; Laurent adopted at a later period, the formula Hg Og, 
agreeing with Woskresensky^s determination. Wohler(3) has since 
found the latter formula to correspond better with the composition of 
kinohe, as well as with that of its products of transformation, than the 
one formerly adopted by him. 

Astrinseiit Extracts. — 6uibourt(4) has published a comprehensive 
monograph on the astringent extracts occurring in commerce, under 
the names catechu, gambir, and kino. — Bein8ch(5) has made com- 
munications on adulterated brown catechu (produced from the yellow 
by an admixture of alum). 

Tannic Acid. — According to Pelouze, the lower of the two layers 
obtained in the exhaustion of galls by means of aqueous ether, is a 
solution of a quantity of tannic acid in water and the upper one a 
solution of a little tannic acid in ether. Mohr(G), on the contrary, 
states the lower layer to be a solution of tannic acid in ether, exhi- 
biting the singular behaviour of not mixing with a farther quantity 


(1) Ann. Ch. Pharm. LXVII, 11^. 

(2) Woskresensky has, oontraiy to Gerhardt’s assertion (Compt. Rend, de^ Trav. 
Chim. 1849, 223), never deviated irqm this formula. 

(3) Ann. Ch. Pharm, LXV, 349 ; Cbmpt. Rend. XXVI, 121. 

(4) J. Pharm. [3] XI, 24, 260, 360; XU, 32, 183, 267, (in ahstr!;); Bepert. Pharm 
[ 2 ] XLVm, 321. 

(5) Jahrb. Pr Pharm. XVII. 201. 

(6) Ann. Ch. Pharm. LXl, 352. 
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o£ ether ; upon adding to a saturatedi^tlierial solution of tannic 
{^$id, a farther quantity of ether and then water^ three strata are 
obtained^ (the lower being an aqueous solution of tannic acid, the 
iniddle one an etherial solution, and the upper one ether, containing 
colouring matter and only a small quantity of tannic acid). He 
recommends the use of a mixture of equal volumes of alcohol and 
ether for^the extraction of tannic acid. 

Wetherill(l) found a mixture of sulphuric acid, spec. grav. 1 * 84 , 
with 4 times its volume of water, to be most appropriate for the 
transformation of tannic into gallic acid; 500 cubic centimetres of 
that mixture are boiled with 60 grammes of dry tannic acid until 
the fluid crystallizes on cooling. He obtained from 100 parts of 
tannic acid as a maximum 87*4 of gallic acid. His analysis of tannic 
acid, dried at 110®, corresponds with the formula Cjs Hq he, 
however, cipsiders it probable that the formula Hg O^o is more 
correct, and that tannic acid is isomeric with gallic acid dried at 100® 
(C7H3O,). 

Muldcr(2) also has published ‘ some researches on tannic 
He views this acid, in the anhydrous state, as Hg It req^red, 
according to him, a lengthened exposure to a current of dry air at 
120®, in order to free it from hygroscopic moisture, it then had the 
formula HO, Hg and lost about 8 per cent of water (calculated 
2*8), if mixed with water and protoxide of lead and dried at 120P. 
By exposure of hydrate of tannic acid for some time to a current of 
ammonia, at the common temperature, and removal of the excess of 
ammonia by a current of air, a combination NH^ 0, C^g Hg 
+ 8 NH3 was produced which, at 100®, assumed a brownish colour, 
and in that state had the composition 2 NH^ 0, CggH^ O15, 
but if dried at 120® it became browner still, and had the formula 
NH4 0 , Cgg Hg Oig. Mulder endeavours to show that the earlier as 
well as the later analyses of tannates conducted under his superin- 
tendence, correspond with his view of the Composition of the acid, 
for which purpose, however, he avails himself, at times, of rather 
complicated atomic propoi*tions ; he. adopts five different salts 
of protoxide of lead (1 eq. of acid to i, 2, 3 , 4 , 5 PbO) and in- 
terprets a soda-salt, investigated by Buchner, as containing 4 
eqs. of tannic acid to 5 of soda ; the %iy salt which he mentions, 
as containing 1 eq. of acid to 1 eq. of base, is a potassa-salt, inves- 
tigated by the chemist just mentioiied.-THe coufiimed the statement 

(1) J. Phanu. [3] XII, 107 ; J-iRp. Chsm. XL1I,247. ^ 

(2) Scheikundige Onderzoekiiigbo IV, 639 ; Kepart. Pharm., [3] I, 311 ; 11, 38. 
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of Pelouze/that the pirod#;t!i of dc^iihposiiidirof tanhic and gallic 
acids, by exposure to a continued heat> not exceeding S60®, are water, 
carbonic acid, sublimed pyrogallic acid, and 'a i^due fof 
gallic acid ; of the latter he obtaihcd^bS to 68 per cent of the ttinnic 
acid employed. He likewise confirmed Pelouze's statexbent respect- 
ing the properties and composition of pyrogallic acid; ; he however 
considers Hjq as the probable expression for mellangallie 
acid, dried at 140^, and KO, e« H-iQ for the potassa-^alt dried at 
130®, (obtained by digesting excess of the. acid with potassa aiid 
evaporating the solution). — ^According to him the formation of the 
brown substance, which makes its appearance during the conversion 
of tannic into gallic acid, may be much checked by digesting tapnic 
acid for several days with water and hydrochloric acid at 100®, with 
perfect exclusion of the air . 

Wittstein(l) concludes from his experiments on thU^ompounds 
of sesquioxide of iron with tannic acid, that the sediment which is 
gradually formed, in mixed solutions of tannic acid and sulphate of 
protoxide of iron, must be considered as a constant combination of 
1 eq. of sesquioxide of iron with 4 eqs. of tannic acid, (the latter 
considered as Cjg Hg on the other hand, the precipi- 

tate produced in solution of sesquioxide of iron by means of tannic 
acid, is of varying composition. 

TannocafiiDio Acid. — Rochleder has investigated the acids occur- 
ring in coffee, tea and paraguay tea. In an earlier meraoir(2) he 
assigned to tannocaffeic acid, as contained in its combinations, the 
formula Hg Og, while Payen(3) ascribed to it the formula 
Ci^IIgOy; !Rochleder(4) has since convinced himself of the cor- 
rectness pf the latter formula. He found(6) the same acid, combined 
with caffeine, ip paraguay tea, (the leaves of ilea^ paraguayensis), and 
procured it by extracting this tea with alcohol of 40 vol. per cent, as 
long as the latter assumed a yellow colour, mixing the alcoholic 
extract with an alcoholic solution of acetate of protoxide of lead, 
until the precipitate formed was of a pure yellow colour, preci- 
pitating the filtered liquid completely by acetate of protoxide df 
lead, washing with alcohol the beautiful yellow precipitate pb^ined, 
suspending it in that lioj^ and decomposing it by hydrosul^huric 
acid. Rochleder has alro investigated the alteration that tanno- 

(1) Sepert. Pharm. [2] XLV, 289. 

(2) Ann. Ch. Pharm. LIX, 300. 

(3) J. Pharm. [3] X, 266. 

(4) Ann. Ch. Pharm. LXVI, 35'; Wien. Aead. Bet. II, (1848), 224. 

(5) Iba 39 i Wien. Acad. Ber. 11, (1848), 228. 
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caffeic acid undergoes in the presence^ of bases by the influence 
of oxygen (1) ; with ammonia the result is different from that 
obtained with potassa or soda; if baryta or lime be present, the 
acid undergoes, at first, the same transformation as that produced 
by ammonia; this, however, soon changes into the alteration ob- 
served in the presence of potassa and soda. He has communi- 
cated a m'ore detailed account with respect to the reaction in the 
presence of ammonia; he states that an acid is formed, which he 
calls viridic addy and which he obtained in the following manner. 
A solution of pure tannocaffeic acid is prepared by exhausting dried 
and crushed coffee-beans with alcohol, mixing the extract with water, 
to separate the fatty matter, heating the filtered liquid to ebullition, 
precipitating with acetate of protoxide of lead, washing the pre- 
cipitate and decomposing it by hydrosulphuric acid. This light- 
yellow 8ola||pn, freed, by boiling, from hydrosulphuric acid, becomes 
dark-yel1o\r on addition of an excess of ammonia, then greenish- 
yellow, by absolution of oxygen, after 36 hours, dark-bluish-green, 
and by lengthened standing, brown. Acetic acid converts the 
bluish-green into a chesnut-brown liquid, which, upon addition of 
alcohol, deposits black flakes, which are insoluble in dilute and pure 
alcohol, soluble in the alkalies, and form a black salt of protoxide of 
lead, on precipitation of the alkaline solution with the acetate. This 
substance resembles, in all its properties, the metagallic acid of 
Felouzc and the japonic acid of Svanberg; according to a single 
determination, its equivalent is 237. The brown liquid (which is 
changed immediately again to greenish-blue by saturation with a 
base) separated by filtration from the black flakes, produces with 
acetate of protoxide of lead a blue precipitate which, (was]^ed with 
alcohol, and dried in vacuo and at 100^), was found to correspond 
closely in composition to PbO, II^ O7. — ^By extracting, with 
water, powdered coffee-beans (previously exhausted with alcohol), 
boiling the filtered liquid, precipitating with acetate of lead, decom- 
posing the precipitate, suspended in alcohol, by hydrosulphuric 
acid, then mixing the resulting solution, filtered from the proto- 
sulphide of lead, with ammonia, and exposing it 24 hours to 
the air, adding alcohol and filtering off the greenish-blue preci- 
pitate that is formed ; dissolving the^latter in alcohol mixed 
with a little acetic acid, and precipitating the resulting brown 
solution with acetate of protoxide of lead, an indigo-blue compound 
was obtained, which, when dried at 100^, had the composition 

(1) Ann. Ch. Phsrm. LXIII, 193. 
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PbO, Hy Oq. By decomposing this salt with hydrosulphuric acid 
and evaporating the solution^ an amorphous mass is obtained, easily 
soluble in watcr^ and dissolving in concentrated sulphuric acid with 
a carmine colour^ from which solution it is precipitated by water in 
blue flakes. The brown liquid^ filtered off from the protosulphide of 
lead, is immediately turned green by alkalies ; with baryta- water it 
forms a bluish-green precipitate, which, dried at 100®, is 2 BaO, 
Hg Og. Coffee-beans owe their green colour to a small quantity 
of viridate of lime. — ^Tannocaffeic acid produces with potassa, on 
exposure to the air, a dark-brown solution, from which a brown 
potassa-salt, soluble in water, is precipitated by alcohol. 

A second aqid contained in coffee-beans, along with tannocaffeic 
acid, and first discovered by Pfaff, was obtained by Boehleder in 
the manner prescribed by the former theuiist, by precipitating with 
acetate of protoxide of lead the aqueous decoction of foffee-beans 
(which had been previously treated with a little hot alcohol), decom- 
posing the precipitate with hydrosulphuric acid, evaporating the 
filtered liquid to syrupy consistency, and then adding it to 
alcohol, when light flakes separated, which dried up to a loose 
powder; this acid appeared to contain carbon and water in the 
same proportion as tannocaffeic acid, but a larger proportion of 
oxygen. 

Boiieic Acid. — In a recent investigation of tea (of the leaves of 
'Vhea bohed) Rochleder(l) detected, besides common tannic acid, and 
a small quantity of a crystallizable acid, which was not more closely 
examined, a new acid which he called boheic acid. By precipitating 
a boiling decoction of tea-leaves with acetate of protoxide of lead, 
filtering, and separating the slight deposit formed in 24 hours, 
then neutralizing the fluid with ammonia, a precipitate was obtained. 
This precipitate suspended in alcohol was decomposed by hydro- 
sulphuric acid, and the filtrate, from the resulting protosulphidc of 
lead, freed from hydrosulphuric acid, and precipitated with an alco- 
holic solution of acetate of protoxide of lead ; — a salt of protoxide of 
lead was thus obtained, which, dried at 100®, was found to have ap- 
proximately the composition FbO, H5 ; another salt was obtained 
in a similar manner (excepting that the last precipitation was effected 
by an ammoniacal solution of the acetate of lead), which, when 
dried at 100®, had the formula 2 PbO, C7 H4 Og. By precipitating, 
with baryta-water, the acid separated from the salt of protoxide of 
lead, and a baryta-salt, BaO, C7 Hg Og, was formed. The acid itself, 

(1) Ann. Ch. Pha^. LXIII, 202. 
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evaporated and dried alternately at 100 ^ and in vacuo, is a substance 
of pale yellow colour^ when in a state of powder^ which^ at 100 ^^ fuses 
to a resinous red body; it is deliquescent in the air^ soluble in 
water and alcohol^ and has the composition Hg Og. One pound of 
tea yields no more than 1*5 grm. of pure boheate of protoxide of 
lead. 

An^eUe Acld.<^Bieker and Beinsch(l) have shown the acid^ dis- 
covered by the latter in the musk- or sumbul-root^ and termed sum- 
bulolic acid( 2 )^ to be identical^ in its composition and physical pro- 
pertics; with angelic acid. For this acid^ we refer also to Roman 
Cumin-Oil.^^ 

Benzoic Acid. — ^Respecting the formation of benzoic acid^ see 

Decomposition of casein^ &c., with sulphuric acid and binoxidc 
of manganese^ or bichromate of potassa.^^ » 

Saint-Evre( 8 ) has investigated various products of decomposition 
of benzoic acid. If 60 grammes of benzoic acid, and 200 of hydrate 
of potassa bo dissolved in 300 to 350 of water, and a stream of 
chlorine passed through the liquid in the cold, it assumes succes- 
sively the colours yellow, greenish-yellow, green, then once more 
yellow ; at last a grey crystalline precipitate separates, carbonic acid 
being evolved during the whole operation. The precipitate consists 
of chlorate of potassa, a little unchanged benzoate of potassa, and the 
potassa-salt of a new acid ; there remain, in the liquid, benzoate of 
potassa and chloride of potassium, The liquid is then increased to 
one and a half its bulk, by the addition of water, saturated with car- 
bonic acid, and finally mixed with a little dilute hydrochloric acid, and 
the whole heated to ebullition, when the precipitate redissolves, and an 
oily finid separates. This, removed fr^ the liquid, solidifies upon 
cooling, to a hard, brittle, yellowish BiUss ; it is freed from some 
adhering benzoic acid by repeated fusion m'boiling water, and finally 
by reciystallization from alcohol, or from a mixture of alcohol and 
ether. The new substance is thus obtained in cauliflower-like groups 
of microscopic crystals ; it fuses at 150^, having in the fused state 
the spec. grav. 1*29, boils at 215^, and is volatile without decompo- 
sition ; its formula is C |2 H 5 * Cl ; Saint-Evre calls it chloro- 
nxceic acH. Chlorouiceate of protoxide of silver, AgO, II 4 Cl O 3 , 
prepared from alcoholic solutions, separate in white flakes, which, by 


(1) Jahrb. Pr. Phsrm. XVI, 12 ; Aim. Ch. Pharm. LXVIIl, 341. 

(2) Ibid. XIII, 68. 

(.*») Ann. Ch. Phys. [3] XXV, 484 ^J. Pr. Chem. XLVI, 449 ; Compt. Rend. XXV, 
912, (inabstr.); Compt. Rend. XXVII, 437. - 
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washing and drying, become a crystalline powder. The baryta^salt 
is a white crystalline powder, corresponding in composition to the 
silver-salt, shghtly soluble in water, tolerably so in hot alcohol, and 
dccompdsed by beat, with the formation of a solid and a Iiqujd.hydro- 
carbon and a carbonaceous residue. Chloroniceate of ammonia, 
when freshly prepared, by saturation of the alcoholic solution of the 
acid with ammonia, crystallizes in broad micaceous scales, of the 
formula NH^O, Cjg ClOg, which are fusible and volatile without 
decomposition, but when exposed to light, become brown and of 
an acid reaction. Chloroniceate of oxide of ethyl, C4 Hg O, 
Cjg Cl Og, is a colourless fluid, of the spec. grav. 0*981 at 10®, 
and boiling at 230®; its alcoholic solution, if left for some time in 
contact with ammonia, yields chloroniceamide NHg, Cjg Cl Oj, 
which crystallizes in large scales, of a greasy appearance, fusing at 
100«.---Chloroniceic acid forms, with fuming sulphuric acid, another 
acid, the baryta-salt of which is soluble, and contains probably BaO, 
C12 H4 Cl O3, 2 SO3, HO. — ^Fuming nitric acid acts violently on chlo- 
roniccic acid, dissolving it ; the solution deposits a substance which 
is soluble in alcohol, crystallizes in broad scales, of greasy appearance, 
and has the formula Cjg Hj, (NO4) Cl O4, being chloroniceic acid, in 
which II is replaced by NO^. The ether of this acid, C4 Hg O, 
Ci3 II3 (NO^) Cl Og, crystallizes in colourless plates. On one occa- 
sion Saint-Evre obtained, by evaporation of the mother-liquor, from 
which Ci3 H4 (NOJ Cl O4 had been separated, a substance, C^, H^ 
(NO 4) Cl O4, crystallizing in long white needles. — On distilling chlo- 
rouiceic acid with excess of lime or baryta, a brownish-yellow liquid 
passes over at first, the action then appears to cease for a few 
moments ; on continuing the application of heat, however, a lemon- 
yellow substance condenses in the neck of the retort, and a carbona- 
ceous residue remains behind, from which water extracts a quantity of 
chloride of calcium. The fluid) which distils over first, is freed from 
the benzole it contains by exposure for some time to a stream of 
carbonic acid or hydrogen at 90°, it is then heated to from 290® to 
295®, when a liquid passes over, which Saint-Evre calls vnonochlo* 
rinated nicene. It is of a faint amber-colour, its spec. grav. is 1'141 
at 10®, its boiling-point 292® to 294®, and its compositioivOio Hg Cl. 
The observed density of its vapour is 7*2 to 7*5, the calculated density 
being 6*98 (for a condensation to 2 volumes). This liquid is violently 
acted upon by fuming nitric acid ; after the action has ceased^ alcohol 
of 36 vol. per cent is added, which dissolves the new substance, 
which is formed simultaneously with a resinous body ; the latter, 
being the least soluble, separates first from the solution, and after 


Bepsolc 

acid. 
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OB6 or- two ,:rccrystallizations, the Cjq (NOJ Cl 

is obtained pure / it forms long> amber-yellow needles^ of silky lustre^ 
and is soluble in alcohol and ether. On dissolving this compound in 
alcphob saturating the solution with aniinotiia^ and submitting it to a 
stream of hydrosulphuric acid^ it becomes brown^ and subsequently 
assumes a dark violet-red colour ; if no deposit should have formed 
after a few hours^ the liquid is once more treated with ammonia and 
hydrosulphuric acid ; it is then evaporated at the boiling temperature, 
and the residue treated with dilute hydrochloric acid and filtered ; 
the golden-yellow filtrate deposits hydrochlorate of chloronic%ney 
Cio Hg Cl N, HCl, in yellowish prisms, grown together, generally, in 
groups of three and four j these are easily soluble even in cold water, 
and become brown when exposed to the air, being gradually decom- 
posed. Chloronicine, C^q Hg Cl N, is precipitated from the solution of 
the hydrochlorate, by ammonia, in brown flakes, which dissolve in an 
excess of water, but have no alkaline reaction, and are decomposed if 
alfbwed to remain for a lengthened period in the liquid. Acetate of 
chloronicine, (obtained by dissolving, in acetic acid, chloronicine which 
has been rapidly washed and dried, in vacuo, with exclusion of light), 
crystallizes in yellowish, four-sided prisms, which have an acid reac- 
tion and are altered by the action of light and moist air ; the forhiula 
of this salt is C^q Hg Cl N, C^ 0^. The double salt of the hydro- 
chlorate and bichloride of platinum, Cjg Hg Cl N, HCl, Pt Clg, forms 
a dark-yellow, granular precipitate. — 'Saint-Evre gives the name 
paranicene to a substance obtained by the distillation of chloroniceate 
of baryta, or chloroniceic acid, with lime or baryta ; it is a solid, 
lemon-yellow hydrocarbon, of penetrating odour and taste, soluble 
in alcohol and ether, and crystallizing in broad plates; it is purified 
by pressure between bibulous paper, washing with a little cold ether 
and sublimation over freshly-ignited lime; its spec. grav. is 1*24, 
its boiling-point 365^, its composition C 20 ; the observed density 

of its vapour 4*79, (calculated for a condensation to 4 volumes, it is 
4*62). Paranicene is dissolved by faming nitric acid, giving rise to 
a vieJent reaction ; the solution deposits, on cooling, acicular crys- 
tals, soluble in alcohol and ether, of the compic^ition C^q (NO^). 
— By treating paranicene with ammonia and hydrosulphuric acid, in 
. the manner described above, a substance is formed, which Saint- 
Evre has termed paranictne i it is precipitated by ammonia from the 
hydrochlorate in light yellow flakes, of the coinposition 
is insoluble in water and soluble in ether; by dissolving it in the 
latter and evaporating the solution, an amber-yellow oil remains 
behind, which is soluble in hydrochloric acid, and reprecipitated by 
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ammonia in white flakes. Hydrochlorate of paranicine crystallizes 
in octohedrons^ which are decomposed by the action of the air^ heat^ 
and lights and have an acid reaction ; the double salt with bichloride 
of platinum^ C^o HCl^ Ft Cl 2 > is obtained as a crystalline 

precipitate^ scarcely soluble in ether. 

By heating a mixture of pentachloride of phosphorus and well- 
dried benzoic «cid^ a fuming liquid distils over^ which contains, 
according to Gahour 8 (l), besides oxichloride of phosphorus and 
excess of the pentachloride, the chloride of benzoyl, discovered by 
Liebig and Wohler. The latter is separated from the two former 
by distillation, that portion being reserved which passes over between 
195® and 200®. Its specific gravity is 1*25 at 15®, its vapour-density 
4*987, (calculated, for a condensation to 4 volumes, it is 4*901) ; its 
analysis famished numbers corresponding with the composition of 
chloride of benzoyl ; it forms, with alcohol benzoic ether, with 
ammonia benzamide, and with aniline benzanilide. The decompo- 
sition in this reaction is expressed by the equation : 

PClg+Ci, He 0,=H Cl+PCls + O^Cl. 

Pentachloride of phosphorus behaves with benzoate of potassa as it 
docs with the uncombinefl acid. It has no action on benzoic ether. 

By boiling benzoic acid with concentrated, or still better, with 
fuming nitric acid, nitrobenzoic acid, discovered by Mulder, is pro- 
duced; it is benzoic acid in which 1 H is replaced by 1 (NOJ. By 
boiling benzoic acid with a mixture of fuming sulphuric and nitric 
acids for one hour, according to Gahours( 2 ), 2 cqs. of hydrogen 
are replaced by 2 (NOJ, and dinitrobenzoic acid is formed. This 
substance is prepared by adding fused benzoic acid to the mixture of 
the acids, heated to from 50^ to 60^ ; a slight evolution of gas takes 
place, while the benzoic acid dissolves. Heat is then gradually 
applied, until the fluid commences to become turbid, on cooling, the 
addition of water ^uauses yellowish flakes to separate, which become 
white by being washM with water. As soon as the wash-water has 
no longer an acid rsaction, the substance is pressed between bibulous 
paper and then dissolved in boiling alcohol, from which it separates, 
upon cooling, in small brilliant crystals. Dinitrobenzoic acid, 
Gi 4 H^ (NO^)^ O 4 , thus obtained, fuses at a slightly elevated tempe- 
rature, and sublimes without decomposition, by careful application 
of heat ; it is scarcely soluble in cold, rather more so in boiling water, 
and pretty considerably so in alcohol and ether, it dissolves easily and ^ 

(2) liOC. Cit. p. 295. 


(1) Loc. Cit, p. 276. 
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bmi^c without decomposition in nitric acid^ and also in concentrated sul- 
phuric acid, when gently warmed, but is decomposed by applica- 
tion of too high a temperature. It forms soluble, crystallizablc 
salts with potassa, soda, and ammonia, and slightly soluble salts with 
the protoxides of lead and silver; the salt of protoxide of silver, 
AgO, Cj4 Hg (N04)2 O3, is white. Dinitrobenzoate of oxide of 
ethyl, C4 Hg O, Hg (N04)2 Og, is prepared by saturating boil- 
ing alcohol with dinitrobenzoic acid; the ether separates after some 
time, (and more plentifully on addition of water), as an oil which 
solidifies upon cooling; it crystallizes from an alcoholic solution, 
saturated while hot, in long, thin, brilliant needles, of a slight yel- 
low tint. 

Nltrobenzote Acid. — ^Blumenau(l) states that dragon^s blood, 
treated with liitric acid, spec. grav. 1*33 to 1*35, yields oxalic acid, 
and that with nitric acid, diluted with an equal weight of water, a 
non-volatile and a volatile acid are formed, of which the latter is 
identical with nitrobcnzoic acid. 

On warming nitrobcnzoic acid with pentachloride of phosphorus, a 
heavy liquid, according to Cahours(2), distils over, which boils at 
between 265° and 268° ; it is insoluble in water, and is decomposed, 
by a hot solution of potassa, into chloride of potassium and nitro- 
beuzoateof potassa. Its formula is Cj ^ II4 Cl H4(N0i)02 Cl. 

it is therefore chloride of benzoyle, in which 1 H is replaced by 
1 (NO4). This new substance forms, with dry ammoniacal gas, a solid 
compound, crystallizing from water in yellow needles ; it is probably 
identical with the substance Field obtained by heating nitrobenzoate 
of ammonia. 

cuminie Acid. — Cuminic acid is decomposed, according to Ca- 
hours(3), by distillation with pentachbrido of phosphorus at 50° to 
60°, with a plentiful disengagement of hydrochlorio acid ; oxychloride 
of phosphorus first distils over, and at 250° fit) 260° a colourless, 
mobile fluid, chloride of cumyl, Cg,) Og Cl,v is obtained. This 
substance boils at between 258° and 260°, has ike spec. grav. 1*070 
at 15°, is decomposed by exposure to moist air, wnd more rapidly by 
boiling it with potassa, into hydrochloric and cuminic acids ; it forms 
with alcohol cuminic ether, with ammonia chloride of ammonium and 
ouminamide, and with aniline cuminanilide. 

Cahours states(4) that cuminic acid dissolves, at a g^);le heat, in 
fuming nitric acid, red vapours being evolved on boiling the solution ; 

.A- 

(1) Ann. Ch. Pharin. LXVn, 127. (3) Ibid. 

(2) Loc. Cit. p. 276. (4) Loe. Cit. p. 205. 
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after a few minutes of continued ebullition, water be added, a 
heavy yellow oil separates, which soon solidifies f it is then washed 
with water, and crystallized from alcohol. This substance is miro* 
cuminie (NO4) O4 (cuminic acid in which 1 H is 

replaced by 1 NO 4 ) ; it crystallizes in yellowish-white needles, is 
insoluble in water, easily soluble in Alcohol and ether, and forms 
crystallizable salts with the alkalies. — ^Upon adding fused cuminic 
acid, in small portions, to a mixture of sulphuric and nitric acids; 
gently warmed, it disappears, without any disengagement of gas, or 
violent action \ on heating the fluid, red vapours are disengaged, and 
it suddenty becomes turbid ; at this period a quantity of glittering 
crystalline scales separates from the liquid, which, by being washed 
with water, and recrystallized from alcohol, form lustrous pMtes. 
This substance has the composition of dinitrocuminic acid, C^q 
(NOJ g Og, it is, however, not an acid. 

Cinnamic Acid. — ^By heating pentachloridc of phosphorus with cin- 
namic acid, Gahours(l) found the latter to undergo a decompositmn 
analogous to that of benzoic acid ; besides oxichloride of phosphorus 
and hydrochloric acid, a fluid was formed which boiled at 262^; it had 
the spec. grav. 1*207 at 16®, and proved to be chloride of dnnamyl, 
Cgj, O 2 Cl (cinnamon-oil, therefore, in which 1 H is replaced by 
1 Cl). Chloride of cinnamyl is converted, by exposure to moist air, 
into hydrochloric and cinnamic acids; with alcohol, it forms cin- 
namic ether; with dry ammoniacal gas, chloride of ammonium, 
and a white crystallizable substance, analogous to benzamidc. With 
aniline it forms cinnanilide (sec ^^Aniline.^^) — ^By the repeated dis- 
tillation of chloride of cinnamyle over protocyanidc of mercury, or 
cyanide of potassium, there are formed protochloride of mercury, or 
chloride of potassium, and a liquid, containing still a little 
chlorine, and becoming brown when in contact with the air, 
with formation of hydrocyanic acid ; this is cyanide of cinnamyl, 
NO 2 = C 18 Hy Og Cy. The analysis made by Cahours of 
this substance, proves its existence, although the results obtained do 
not agree perfectly with the above formula. 

BenEUic Acid. — The resultants of the treatment of benzilic acid 
with pentachloridc of phosphorus, are, according to Cahours( 2 ), 
hydrochloric acid, oxichloride of phosphorus, and a colourless li<j[uid, 
of a strong odour, and boiling at 270®, which yields, with potassa, 
ammonia and aniline, products of decomposition ^corresponding to 


CiuniDic 

odd. 


(1) Loc. Cit p. 276. 


(2) Ibid. 
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^}J* those of the chlorides of benzoyl^ cnmylj &c. It has the formula^ 
C33H11O4CI, and has been named by Cahours, chloride of ben- 
zUe. 

Anisie Add. — Cahours(l) states^ that anisic acid dissolves easily 
in fuming nitric acid, when gently warmed; from this solution water 
precipitates nitranisic acid, in fellow fhikes. If, however, the solu- 
tion be heated to ebullition, carbonic acid is disengaged, and a product 
obtained, consisting of two substances, one of which is soluble in 
potassa, and has the composition of picric acid; while the other is 
insoluble in potassa, and likewise in boiling water. It is easily soluble 
in boiling alcohol and ether, and separates from this solution in the 
form of lustrous pale-yellow needles, whigh fuse at 85 ® to 86®, and 
may be sublimed, if carefully heated in close vessels. This substance 
is dinitranisole^ (NO^IgO^ ; it is not decomposed by a boiling 

dilute aqueous solution of potassa, and only after continued ebullition 
by a concentrated solution ; an alcoholic solution of potassa dccom- 
})OScs it rapidly when boiled with it, forming a salt, which crystal- 
lizes in long orange-yellow needles, and from which Laurent^ s nitro- 
phencsic acid, C]^ is separated, by addition of nitric acid, 

or dilute hydrochloric acid. 

Anisic acid dissolves in a mixture of fuming sulphuric and nitric 
acids, when slightly warmed, without colouring it ; at a gentle heat 
carbonic acid is disengaged, and if the application of heat be con- 
tinued until the liquid becomes turbid, and it be then left to itself, 
it separates ipto two strata. The upper one is oily, and solidifies on 
cooling; addition of water to the acid solution, separates still more of 
this substance. It is almost insoluble p lister (and may be purified 
thereby from the acid), soluble in h#^ii4oohol, and still more easily 
in a mixture of equal parts of alcohol aiid ether, from which solution 
it ciystallizes, by slow evaporatioiy in highly lustrous, slightly yel- 
lowish rhombic plates, fusing at 58 ® n> 60 ®. It dissolves, at a gentle 
heat, without decomposition, in concentrated nitric and sulphuric 
acids. This substance is trinitrmieoUy Cj4 H5 (N04)3 0 ^, and is 
likewbe formed by the action of the mixture of fuming nitric and 
sulphuric acids, upon pure anisole. — ^Trinitranisole is not decomposed 
by a dilute solution of potassa, nor by concentrated ammonia, even at 
the boiling temperature, but becomes intensely brown by boiling 
with a moderately concentrated solution of potassa, a potassa-salt 
being formed, which is scarcely soluble in cold water, but crystal- 


(1) Loc. Cit. p. 295 ; Compt. Rend. XXVII, 485, (in abstr.) ; Instit. 1848, 351. 
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lizes, on cooling from its solution* in much boiling Water, in long 
needles of a golden-chesnut-brown colour ; the composition of this 
salt is KO, CjgHgNgOij. From this compound, picranisic add, 
Cj^HgNgOj^, is separated by dilute nitric acid j it crystallizes from 
a hot saturated aqueous solution, on cooling, in yellow lustrous 
needles; it is slightly soluble in cold, and easily soluble in 
boiling water, in alcohol, and ether ; it is isomeric with picric acid, 
but differs from the latter in its crystalline form, its solubility, its 
fusing-point, and*in the physical properties of ‘several salts. With 
ammonia it forms a salt of the formula, 0, Hg Ng Ojg, 
which crystallizes in long needles, sometimes of a yellow colour, with 
a feeble shade of orange, sometimes red, like bichromate of potassa ; 
it frequently changes colour by recrystallization. Protoxide of silver 
dissolves in this acid; the silver-salt is deposited from the solution, 
by slow evaporation, in fine orange-yellow needles. The soda-salt 
crystallizes in long golden-yellow needles, and is much more soluble 
than the potassa>salt. The baryta- and strontia-salt form yelloW, 
silky, difficultly soluble needles. 

Salicylate of oxide of methyl, which is isomeric with anisic acid, 
undergoes a different decomposition by the action of the mixture of 
fuming sulphuric and nitric acids. (Sec Salicylate of oxide of 
methyl"). 

Cahours(l) found that, by the action of pentachloride of phos- 
phorus on anisic acid, hydrochloric acid, oxichloride of phosphorus, 
and chloride of anisyl, O4 Cl, are produced. The latter is a 

colom'lcss fiuid, of a strong odour, its spec. grav. is 1’261 at 16 ®, 
its boiling-point 262 ® ; it is decomposed, by moist air, into hydro- 
chloric and anisic acids, and produces, with alcohol or pyroxylic 
spirit, the respective ethers, and with ^monia anisamide. 

Nitranisic Acid. — ^Nitranisic acid produces, according to Ca- 
hours(2), when acted upon by pentachloride of phosphorus, besides 
oxichloride of phosphorus, a substance which has not been closely 
examined ; it boils only at a very high temperature, is decomposed, 
by damp air, into hydrochloric and anisic acids, forms, with alSohol, 
anisic ether, and is, therefore, probably, chloride of nitranisyl 
CieHeCNOJO^CI. 

Aniuc Acid*— According to H.ofmann( 3 ), anilic acid is trans- 
formed into chloranile, by treatment of an aqueous solution with 

(1) Loc. OR. p. 276. 

(2) Ibid. 
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chlorate of potassa and hydrochloric acid ; the same effect^ according 
to Stenhouse, is produced by the continued action of chlorine, with 
the aid of heat; on boiling a solution of the acid with hypochlorite 
of lime, it becomes dark-brown, and hydrochloric acid precipitates a 
yellowish, uncrystallizable resin. 

Picric Acid. — ^With respect to the acid, discovered by Schunck 
among the products of the oxidation of aloes by nitric acid, formerly 
called by him chrysolepic acid, and considen^d isomeric with picric 
acid, he himself(l), as well as Marchand(2),«Muldcr(3), and 
E. Bobiquet(4) have pointed out that, when pure, it is identical 
with picric acid. Marchand found both substances to possess an 
equal degree of solubility (100 water dissolve 0*626 at 5®, 1*161 at 
16«, 1*225 at 20®, 1*292 at 22*5®, 1*380 at 26®, 8*89 at 77®), and tlui 
same form of ci 7 stallization ; the so-called uitrophenisic acid is like- 
wise identical with these substances. 

Blumenau(5) considers it probable, that picric acid is eventually 
decom))Osed, by very long continued boiling with nitric acid. 

Chioropicrin. — 11^ according to Stenhouse(6), an aqueous solu- 
tion of picric acid be mixed, in a retort, with hypochlorite of lime, an 
elevation of temperature ens\ies, and if the mixture be heated to 
ebullition, a colourless heavy oil distils over, along with water. The 
same substance is likewise formed, on boiling picric acid with 
chlorate of potassa and hydrochloric acid (when a residue of chlora- 
nile remains in the retort), or boiling with nitrohydrochloric acid 
(used only in small quantities), Ukewise by heating picratc of potassa 
with hypochlorite of lime, or by the long-continued action of chlo- 
rine upon a hot solution of picric acid. Styphnic and ntuyiainic 
acids behave like picric acid, but chloranile coidd no tnetm be 
transformed into this oily substance. Stenhousoj^^e it ehloropi- 
crin ; he purifies it by washing, drying with fds^d!^ chloride of cal- 
cium, and careful rectification in a water-bath. The substance, thus 
obtained, is a colourless oil, of highly refractive power, and the spec, 
grav. 1*6657 ; when diluted, it has a peculiar aromatic odour, and, if 


(1) Ann. Ch. Pharm. LXV, 2S4. (4) J. Pham. [3] XIV, 179. 

(2) J. Pr. Chem. LXIV, 91. (5) Ann. Ch. Phaim. LXVII, 115. 

(3) Scheikund. Onderzoek. IV, 506. 

(6) Phil. Mag. [3] XXXUI, 53; Ann. Ch. Pharm. LXVI, 241; J.Pr. Chem. XLV, 
56; Laurent and Gerhardt'a Compt. Rend. Compt. des Trav. Chim. 1849, 35. In 
the latter journal Gerhardt expressed hia opinion, thaX the true formula of ehloropiciin 
might probably be C 2 Gbl^ 0, and Since then (Laur. and Gerh. Compt. Rend, des Trav. 
Chim. 1849, 170), he has published some analyses by Cahours, vrhich dHainly agree 
livith this formula iar chloropicr^. j:^honrs found its boiling-point'to be 114^ to 115^. 
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concentrated^ violently attacks the. nose and eyes ; it is almost inso- 
luble in water^ but ^ssolves freely in alcohol and ether; it is not 
attacked by sulphuric, nitric, or hydrochloric acids, but is gradually 
decomposed by an alcoholic solution of potassa (with formation of 
chloride of potassium and nitrate of potassa) ; it is scarcely affected 
by aqueous solutions of the alkalies, but is decomposed, with explo- 
sion,, on being warmed with potassium ; it boils at 120 ^, and is not 
decomposed even at 150*^, but on passing its vapour through a glass 
tube, heated above that temperature (but not actually red-hot), 
chlorine and binoxide of nitrogen are disengaged, and solid sesqui- 
chloride of carbon, Cl^,, is deposited in the cooler portions of the 
tube. Stenhouse found the formula of chloropicrin to be,* C 4 CI 7 
N 2 0 |Q, he did not take into consideration a small quantity of hydro- 
gen ( 0*22 to 0*26 per cent) obtained by analysis. 

Nitro-bichiorophenic Acid. — Laurent and Delbos(l) obtained 
nitro-bichlorophemc addt ^3 ^^2 ^ passing chlorine into 

that portion of coal-naphtha which boils between 180® and 200 ®, 
then acting with nitric acid upon the same substance, washing the 
product with water, neutralizing with ammonia, boiling with water, 
filtering, adding nitric acid to the filtrate, and recrystallizing from 
alcohol the substance which separates upon cooling. This acid 
crystallizes in oblique rhombic prisms, of which the lateral planes are 
inclined towards each other at about 88 ®, and the terminal towards 
the lateral planes at from 108®‘20' to 108*30' ; it is of a yellow 
colour, slightly soluble in water, but tolerably soluble in boiling 
alcohol and ether ; when rapidly heated in a close vessel it is de- 
composed, with emission of light. The ammonia-salt, NH^ 0, 
C 12 H 2 Cla crystallizes in orange-red needles^ which, if carefully 
heated, are partly volatilized without decomposition ; th^ potassa-salt 
crystallizes in glittering scales, which appear, when viewed under 
different angles, either crimson or golden-yellow ; when anhydrous, 
their formula is, KO, CI 3 NOg. 

Chrysamic Add. — Mulder(2) and Schunck(3) have published 
researches on the acid which is found amongst the products of 
oxidation of aloes by nitric acid, and was called, by the latter 
chemist, chrysamic acid. 

(1) Ann. Ch. Phys. [3] XIX, 380 ; J. Pr. Chem. XL, 382. 

(2) Scheikund. Ooderzoek. IV, 456 ; Hepert. Phann. [3] II, 62, 145 ; Ann. Ch. Pbys. 
[3] XXII, 122, (in abstr.) ; J. Phann. [3] XlII, 140; Ann. Ch. Pharm. LXVIII, 339 ; 
J. Pr. Chem. XLII, 250 ; Phil. Mag'. [3] XXX11,'236. 

(3) Ann. Ch. Phann. LXV, 234 1 J. Pharm. [3] XIII, 299. 
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Mulder found the formula pf chiy$amic acid, dried at 120 ®, 
to be, Ci 4 Hg Njj Oi 2 f and the composition of tUfe anhydrous neutral 
salts (for instance, the potassa-salt), dried at 120 ®, to be represented 
by the formula, MO, C^^HN^Ou. When dried in the air, the 
neutral soda-salt contains 8 eqs. of water, the magnesia- and 
potassa-salts 6 ; those /of protoxides of manganese and lead (the 
latter formed by digesting chrysamic acid with neutral acetate of 
lead at 80®) contain 5 eqs. of water, and the, salt of protoxide of 
copper 4 eqs*; all these salts are anhydrous^ when dried at 155®. 
The neutral baryta-salt, dried at 110 ®, still contains 2 HO ; the salt 
of protoxide of lead, formed from chrysamate of potassa, and 
neutral acetate of protoxide of lead, is, 2 PbO, Cj^ H Nj On- Chry- 
samic acid is converted, by exposure to a stream of dry ammo- 
niacal gas at 100 ®, into chrysamide, Cj^H^NgOn, which may be 
combined with bases, and produces, f. i., by the‘ addition of its 
solution to acetate of protoxide of lead, a combination, PbO, 
Ci 4 H^Ng Oil -f 3 (dried in the air). 

Schunck found that the yellow powder, formed by the action of 
nitric acid on aloes, consists of two acids, aloetic acid and chrysamic 
acid, and that the former may be transformed .Uijto the latter by 
treating it with strong nititic acid ; he determined the composition 
of aloetic acid to be Ng Ojg. He calls chrysaminamide 

the substance which separates, after boiling chrysamic acid with 
an aqueous solution of ammonia, from the cooling liquid, in the 
form of needles, appearing reddish-brown by transmitted and 
greenish by reflected light; the analytical r^^jj^c^obtained corre- 
spond equally well with the two fornu^{^^|^^if) Ogi and 
^30 Ilio ^7 By adding hydrochloll^^^iDr dilute sulphuric 

acid to a hot aqueous solution t)f thi^flw^H obtained, 

on the cooling of the liquid, needj^^|||P^^H|^r washing and drying, 
were of a dark olive-greeU^^^^JwiS^fy^^ the composition 
Cjg H 4 N 3 Oil or Ci 5 H 4 Ng Oigrl? iji vcalls this substance amido^ 
chrysamic acid. A soluti^v^f this acid in ammonia gave, upon 
addition of chloride j# Bam a red crystalline precipitate ; it is 
transformed^ by boiling with nitric acid, into chrysamic acid, the 
supernatant liquid containing nitrate oiP ammonia ; on treatment with 
caustic potassa it yields ammonia ; with water a dark-purple solution, 
from which it is partially predpitated by strong acids, without changing 
to yellow, (as is the case witii chrysamie acid). Its salts resemble 
the chrysamates, and detonate like them upon being heated, but 
when treated with caustic potassa, they yield ammonia; they are 
likewise produced from chrysamihamide by addition of ammonia 
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(on addition of chloride of tetritmi and amiiionia to an aqueous 
solution of chrysaihinamide^ the chrysatuate of baryta is 
tated immediately;" without addition of ammoniaj:::bbweydry;th^^ 
salt does not separate at all in the cold^ and onl;^ gradu^ly on 
boiling, chloride of ammonium then remaining »inf sdlution)^ 
Chrysamic acid, when warmed with a moderatel/ obncen^ated 
solution of potassa, dissolves, without disengagement of ammonia, 
to a brown fluid, ^hich becomes darker during ebullition imd 
parts with carbonic acid; which goes over to the potassa, chry- 
samic acid ceasing to be in solution; at this point, acids 
produce in it a dark-brown precipitate, which is not soluble in 
water containing an acid, but dissolves in pure water, forming a 
brown solution, which is precipitated by acids and salts of the 
alkalies. By boiling chrysamic acid with a strong solution of 
potassa, and adding chloride of barium, a brown precipitate is 
obtained, which, when treated with a little sulphuric acid, yields 
a brown liquid, containing baryta, and leaving, upon evaporation, 
a brown residue, which consists of minute plates of the composition 
BaO, ^2 ^9 nitrogen was not determined) ; Schunek 

considers the .acid in this baryta-salt to be the same as that 
termed by him aloeresinic acid. — Chrysamic acid forms with a 
boiling solution of sulphide of potassium, containing an excess of 
potassa, an intensely blue fluid, from which, upon cooling, needlSS 
separate, appearing blue by transmitted and copper-red by reflected 
light ; they yield, when dried, a mass of indigo-blue almost black 
colour, and may be purified by recrystallization from a boiling 
solution of potassa. I&chunck calls this new substance hydro- 
chrysamide; it does not detonate when heated; it gives off 
violet vapours, when heated in a test-tube, which condense to 
blue crystals, while th^ greater portion of the substance , is de^ 
composed, with disengagement of ammonia and formation of a carbo- 
naceous iesidue ; it is insoluble in water, and slightly soluble in 
alcohol, which it colours faintly blue; it is soluble in concen- 
trated stdphuric acid and reprecipitated in blue flakes from this 
solution^ by water in caustic potassa and carbonate of potassa it 
dissolves with a blue colour^ and is precipitated from such solu- 
tions by acids; the results, of analysis agree equally well with 
the two formula and H|2 O13. This sub- 

stance is likewise formed by the action of chrysamic acid on 
a boiling solution of |Mtochloride of tin, which immediately aC? 
sumes a blue col<^ Hydrochrysamide is deccAi^oseds .by 
chlorine and boihng nitric ; • In the. dccc^jppsitipn by ' the^ 

VOL. I. . : BE 



418' ORGANIC CHEMISTRY. 

iS Mid. latter, nitrous acid is evolved^ a dark-brown liquid being obtained, 
wbicb yields, on evaporation, a brown syrup. On treating this 
with water, there remains a brown* powder, which dissolves in 
carbonate of potassa, giving a brown solution, and resembles the 
substance formed by the action of potassa on chrysamic acid; the 
liquid, which is separated from the brown powder, contains oxalic 
acid and ammonia. 

Constitntion of the Acids Gn Hn O4. — Frankland and Kolbe(l) 
are of opinion that the acids 0^ O4 (in the so-called hydrated 
state, n representing a whole number) might be considered as 
conjugate compounds of oxalic acid with hydrogen, methyl, ethyl, 
and so on, f. i. 

Formic acid. Acetic acid. Meiacetouic acid. Butyric acid. 

H, Cj Oa, 110 Cj Ha, Oj, HO C 4 Hg, C, O 3 , HO Cg Hy, Cj O 3 . HO. 

Considering benzoic acid Hg O4) to be likewise a conjugate 
oxalic acid (phenyl-oxalic acid, H5, Cg 0 ^, HO), and believing 
that the combinations, termed nitriles, had to be more correctly 
viewed as cyanogen-compounds (benzonitrile Hg N^, for instance, 
as cyanide of phenyl C^g Hg Cy), they conjectured that, as the 
cyanide of phenyl is converted into phenyl-oxalic acid, so lik^ise 
methyl-oxalic-, ethyl-oxilic-, and amyl-oxalic acids, i. e. acetic, meta- 
cetonic and caproic acids, might be prepared from cyanides of ethyl, 
methyl and amyl. The results of their experiments on this subject 
fulfilled their expectations ; an account of them will be given below 
under the heads of the last named acids. 

Acetones of the Acids Cn Hn O4. — Chaitcel( 2 ) has endeavoured 
to support the view that every acetone (according to the hitherto 
adopted views acid 0^ O4 is composed of 

the aldehyde of this acid (C^ Og) and the hydrocarbon of the 
preceding series (C^^ Hn«g) ; that common acetone, (of acetic acid) 
f. i., the formula of which is Cg Hg Og, should b% written 
C4H4 0g+CgHg. 

Sources of the Acids GnHn04. — ^Du Menil( 3 ) has called attention 
to the occurrence of volatile acids in wormwood- and lavender- 
water, and to the difference between the properties of their combinaf 


(1) Ann. Gh. Pharm. LXV, 288; J. Pr. Chein. XliVI, 301, in abstr.; Phil. Mag. 
[3] XXXI, 266, in part (particularly the statements respecting cyanide of ethyl and 
metacetonic acid) ; Chem. Soc. Mem. Ill, 386 ; J. Pf. Chein. XLll, 313 ; J. Phorin. [31 
XIV, 294. 

(2) ' J. Pharm. [3] XIII, 468. 

(3) Arch. Pharm. [2] LI, 18 . 



ACIDS AND COLLATERAL MATTERS. 


419 


tions with protoxide of einc and thof e of viderianate of pro ^gcij^ e of 
zinc. — In the product of distillation pf the milfoil (yaiTow)lipiliioms *^n 04 * 
{achiUea mUlefolium)^ which had the odour* of butyric and valerianic 
acids^ Kramer(l) found metacetonic acid; in the distillate from 
carraway he found acetic acid^ and in those obtained from Tana» 
cetum vulgare. Arnica tnaniana and Rosa cent\folia he discovered 
acids of an odour similar to butyric and valerianic acids. — 

The fruit of the soap-tree {Sap^is saponaria), when distilled with 
water and sulphuric acid^ yielded a product containing, according to 
Oorup-BeBanez(2), formic and butyric acids. Tamarinds, treated 
in the same manner, yielded formic and acetic acids ; the distillate 
had likewise the odour of butyric acid, the existence of this acid 
could, however, not be decide^y proved. Gorup-Besanez con- 
siders it probable that the above-mentioned acids are formed by 
the oxidation of tartaric acid originally contained in this fruit. — 
Bohme(3) has shown that, amongst the products of putrefaction in 
peas and lentBes, metacetonic and butyric acids are more particularly 
formed. — According to Dessaignes and Ghautard(4), metacetonic 
acid is probably contained in spent tan, besides butyric acid. 

{See the articles on the respective acids). 

Respecting the formation of ' formic, acetic, metacetonic and 
caproic acids, compare also Decomposition of casein, fibrin, &c., by 
means of sulphuric acid and binoxide of manganese or bichromate 
of potassa.^’ 

Formic Add. — On the occurrence of formic acid in fruits, compare 
above. Some observations and experiments, with respect to the 
formation of this acid 'in oil of lemons, have been published by 
F. Muller(5); he does not, however, himself consider that they 
suffice to afford information respecting the acid which is formed in 
oil of lemons.. 

Fr. Will(6), of Erlangen, has shown the active poisonous principle 
in the caterpillar, especi^y in the bonibyw processionea, to be formic 
acid. It exists in a free, concentrated state in all parts of the 
caterpillar, but particularly in the fasces, likewise in the greenish- 

(1) Arch. Pharm. [2] LIV, 9. 

(2) Gd. Anz. d. bair. Acad. Nr. 232 ; Aim. Ch. Pharm. LXIX, 369 ; J. Pr. Cheni. 

XLVI, 151. »» 

(3) J. Pr. Chem. XLI, 278 ; Aan. Ch. Phann. LXIV, 328, (in abstr.) 

(4) J. Phann. [3] XIII, 244 ; J. Pr. Chem. XLV, 49. 

(5) Arch. Phann. [2] LI, 149. 

(6) r^riep’s Notizen, VII, 141. 
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yellow matter that exudes when the caterpillar is cut^ and in the 
hollow bristles. 

CloA(l) recommendsj for the preparation of dilute formic acid, 
that a mixture of 500 grtit, of wheat-starch with 2000 grm. of 
binoxide of manganese, ^ miked with 1 litre of water, in a still 
of from 20 to 80 litres^ capacity, that 2 kilogrammes of sulphuric 
acid, dilated with 2 litres of water> be then added and the mixture 
distilled, hot water being added to the mixture during the process, in 
the same amount as it distils over ; he states that from 12 to 15 litres 
of a very acid liquid may be thus obtained, containing about 412 grm. 
of hydrate of formic acid. 

Bineau(2) obtained needle-shaped crystals from a solution of 
neutral formiate of potassa in hot concentrated formic acid, on its 
cooling ; the mother-liquor yielded, by exposure in vacuo over sul- 
phuric acid and caustic potassa, a crystalline mass, a portion of which 
was retained in vacuo as long as it emitted the odour of formic acid, 
while the other portion was dissolved in alcohol and the solution 
evaporated to dryness in vacuo ; all these three products contained 
potassa and formic acid in the propoition «shown by the formula 
KO, Cg H Og + H 0, Cg II Og ; the first contained 2*6, the second 7*6, 
and the third ll'O per cent of water, in addition to the water expressed 
by the formula. A solution of formiate of soda in concentrated 
formic acid gave, by exposure in vacuo, indistinct crystals, of a 
similar composition, and containing acid and base as represented by 
the formula NaO, Cg H Og+H 0, Cg H Qg, besides 7 per cent of 
water. — ^Both these salts possess a very acid taste, are exceedingly 
deliquescent, and are converted, for the greater part, into neutral 
salts, by solution in much water and evaporation ; they lose a portion 
of their acid by lengthened exposure in vacuo. 

Aeetie Acid. — On the occurrence of acetic acid, s^e page 419, 
Bastick(3) has made some communications on the formation of this 
acid in tinctures. 

According to Franklaud and Eolbe(4), cyanide of methyl (ob- 
tained, though not free from hydrocyanic acid, by distilling dry 
sulphomethylate of potassa with cyani^ of .potassium, and rectifying 
the product over chloride of calcium), ibrms acetate of potassa, with a 

(1) J. Chim. M^d. [3] IV, 306. 

(2) Ann. Ch. Phys. [3] XIX, 291, and (the same memoir) XXI, 183; J. Pr. Chem. 
XL, 354. 

(3) Pharm. J. Tnns. YII, 268, 

(4) Loc* Cit. p. 418. 
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considerable disengagement of ammonia^ upon being treated for some 
time with a boiling, moderately concentrated^, aqueous solution of 
potassa, in an apparatus so arranged th^ the volatilised portion con- 
denses and returns to the solution of pOTMsa. 

Dumas, Malaguti and Leblanc(l) likewise observed the forma- 
tion of acetic acid by the action of an aqueous soldtion of potassa on 
cyanide of methyl ; they obtained the latter by removing the ele- 
ments of water from acetate of ammonia (see the Nitriles), and Ulso 
by the action of dry cyanide of potassium upon sulphate of dkide 
of methyl ; when prepared by the latter process, it contained some 
cyanide of ammonium and formiate of ammonia in admixture, which 
impurities imparted to it an insupportable odour and taste, as well as 
poisonous properties; they were removed by boiling, first with 
protoxide of mercury, and afterwards with anhydrous phosphoric 
acid. 

According to Taddei( 2 ), a solution of potassa, of 1*06 spec grav., 
added drop by drop to a boiling solution of neutral acetate of protoxide 
of lead, of the spec. gray. 1*25 to 1*80, the liquid being agitated, 
produces for a long tiifte no permanent precipitate ; suddenly, how- 
ever, the whole liquid solidifies to a white mass, consisting of a double 
salt, moderately soluble in hot water, consisting of 3 PbO, 2 KO, 
3 C4 H 3 Og, besides water. 

Wittstein(3) has examined the spontaneous decomposition which 
liquor ferri acetid oxyiati^ and tinctura ferri acetici atherea 
Klaprothii undergo, when depositing, after some time, a brown gelati- 
nous precipitate. He has arrived at the conclusion, that this preci- 
pitate may be considered ash superbasic acetate of sesquioxide of iron, 
but that it was of inconstant composition, inasmuch as the amount of 
acid it contained varied with the acidity of the solution from which it 
was deposited ; that the decomposition was not attended by the 
formation of protoxide of iron, but that by exposure of the solutions 
to diffused light, the latter might be produced, and exert an accelera- 
ting influence on the decomposition, the real cause of which was, 
however, as yet unknown. 

Aidebyde. — eidenbusch(4) has investigated the action of alka- 
lies and acids upon aldehydet^^ He likewise was unsuccessful in 
obtaining, in a state of purity, the yellow resin, which separates, 

(1) Compt. Bend. XXV, 474* 

(2) Chem. Gaz. 1848, 169, from Eaecolta Fisico-clumica Italiana, 11, 562. 

(3) Repert. Phami. [3] 1, 289. 

(4) Chem. Gaz. 1849, 34; Ann. Ch. Phann. LXVl, 152 ; J. Pr. Chem. XLVl, 252 ; 
Laurent and Gerhardt’i Compt. Rend, dea Trav. C^. 1849, 28. 
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Aldehyde, accompanied by the disengagement of a pungent odour^ during 
the action of potassa upon aldehyde because it could not be freed 
from the substance to whiclythis odour is due^ this being a vola- 
tile, oleaginous body^ thickemng readily when in contact with air, and 
more readily by the action of nitric acid, to a golden-yellow, viscous 
resin, of a cinnamon-like odour, soluble in alcohol and ether, and 
also somewhat soluble in water, but differing from the real aldehyde- 
resin. The latter is a dark orange-yellow powder, becoming paler by 
desfccation at 100^, which is soluble in dcohol and ether, slightly 
so in water, but scarcely at all in alkalies, and only partially in con- 
centrated sulphuric acid ; it is reprecipitated from the latter solution 
by water. It is rapidly deprived of its colour by passing only a little 
chlorine into its alcoholic solution, from which it is reprecipitated 
by water as a snow-white powder, containing, however, some 
chlorine. The most highly pui^ed resin was found to contain 76*4 
per cent of carbon, and 8*0 per cent of hydrogen ; its formation is 
attended by the production of acetic, formic, and aldehydic acids 
(acetylous acid), which combine with the potdssa. — If aldehyde be 
brought in contact, at a temperature belbw 0^, with a minute 
quantity of sulphuric, or nitric acid, small acicular crystals soon 
separate, which are probably infusible metaldehyde; on agitating 
the supernatant liquid with water, a fluid separates, and rises to the 
surface, which, when dried by chloride of calcium, and rectified, hM 
the composition 0^ and the same vapour-density ^4^06) 

as elaldchyde, but a higher boiling-point (125^) than it Is re- 
converted into aldehyde when warmed with a trace ofl^iulphuric, 
or nitric acid ; it changes rapidly by itself, or" in the presence of 
Water^ to an acid, the baryta-salt of which is crystallizable, and easily 
soluble in water ; it reduces salts of protoxide of silver with facility, 
and yields, with salts of the sub- and protoxide of mercury, white 
precipitates ; (heat decomposes the precipitate obtained with salts of 
the suboxidc, a reduction of the suboxide to metal being effected ; 
> ^while that produced in salts of the protoxide remains white even 
when boiled). 

A mixture of aldehyde and water being exposed, for some time, 
to a current of hydrosulphuric add, Became turbid, a semi-fluid clear 
oil separating, which was dried %n vacuo. Its spec. grav. is 1*184, 
it has the offensive odour of garlic, is somewhat soluble in water, and 
easily so in alcohol and eth^ j it is miscible with fatty and ethcrial 
oils, and agrei^ in^ somposition with the formula it 

commences to boil at 19tr, but the boiling-point rises continuity, 
the oil becoihing brown; there remains in the retort, finally, a brown 
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viscid substance^ which solidi^^ into , a mass, of crystals. By Aldehyde, 
chloride of calcium this oil is decomposed mfo'eulphide of calcium 
and aldehyde; with ammoniacal gas^ it produces thialdine. The 
addition of a single drop* of concentered sulphuric ac|d (or the 
exposure to a current of hydrochloric acid gas) causes it to solidify to 
a white crystalline mass, while hydrosulphuric acid is evolved. This 
mass dissolves upon addition of more sulphuric acid, and may be 
reprecipitated by water; it is soluble in alcohol and ethbfV >^i^d 
slightly so in water; it distils over with the latter, and Crystallises in 
dazzling white needles, of a disagreeable garlic-odour; these com- 
mence to sublime at 45^, and have the formula, CX2H13S7 — HS 
or C^H^S^; this substance is, therefore, aldehyde, , 
in which the oxygen is replaced by sulphur (Wcidenbusch calls 
it acetyl-mffrcaptari^. There are other methods of obtaining this 
compound from the oil, 0^2 H13 ; f. i., it is formed by heating the 

oil (in fact, the crystalline body remaining behind on its distillation 
is acetyl-mercaptan) ; likewise, by exposing water saturated with the 
oil to the air; hydrosulphuric acid being evolved; (the oil may be 
reproduced by passing a current of that gas into this solution) ; by 
lengthened exposure of the oil over sulphuric acid, under a bell-ja^, * 
or by the action of a small quantity of chlorine, (much of the latter 
produces an oily fluid, with a most disagreeable odour). The com- 
pound, is neutral in its properties, it is not acted upon by 

ammonia, potassa, and protoxide of mercury ; it efiervesqes violently 
when nitric acid is poured upon it. On mixing alcoholic solutions of 
this substance, and of nitrate of protoxide of silver, a pretty conside- 
rable white precipitate is formed, which rapidly changes in colour, 

«and, on being heated, deposits protosulphide of silver, while a silver- 
compound remains dissolved in the hot alcohol. If this solution be 
filtered, while boiling^ nacreous spangles separate on cooling, which, 
when washed with alcohol, coirespond in composition to the formula, 

2 (AgO, NOg) + 3 C4 H4 82 ; they possess the odour of acetyl- 
mercaptan, (which substance may be separated from them by 
alkalies) ; they darken on exposure to light, when heated alone, the^ 
blacken, evolving nitrous acid, and are decomposed, on evaporation of 
their aqueous solution, with deposition of protosulphide of silver. 

Respecting the aldehydes of other acids (metacetonic and butyric 
acids), see The decomposition of casein, &c., by sulphuric acid 
mid binoxide of manganese, or bichromate of potassa.^* 

Hetacctmiic Ae|d.-^On the occurrence of metacetonic acid, compare 
page 419. 

The acid, detected by Nollner, in the fermented mother-liquor of 
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i^id> tartrate of potaasa, termed pse^doii^petic acid by him, and butyro- 
acetie^id by NicJcUa (i^ho found it to have the formula, Cg Hg 0^ 
bufcvbelieved it to differ from metacetohie acid)> has been proved by 
I>i)imas> Malaguti, .and LeManc(l), to be identical with metacetonic 
aeid. Both acids, besides' possessing composition, are also 

identical in their appearance, odour, and boiling-point (which is about 
140?). They form the same, salts of bar^, and of protoxide of silver; 
the former, prepared with both acids, > has been investigated crystal- 
lographically by Frovostaye. The above-named chemists propose 
for this acid the name of propionic add (first fatty acid), as it is the 
first of the series that edibits the character of a fatty acid, 

i. e; in being separated f^m its solution as a. layer of oil, and in 
foxing salts with the alkalies, which have a greasy feel. Dumas, 
Malaguti and Leblanc produced this acid by thg action of 
.potassa upon cyanide of ethyl( 2 ). They obtained metacetonate 
^ of potassa as a white salt of nacreous lustre, very soluble in 
water; the silver-salt, obtained from the former compound by pre- 
cipitation with nitrate of protoxide of silver,; jias found to possess 
the formula AgO, Cg Hg O 3 . They observed, in the separation of 
’ metacetonic acid from the potassa-salt, by distillation with syrupy 
phosphoric acid, that the portion of the acid which passes over 
last, crystallizes and remains solid at the common temperature, if 
protected from moisture. 

Frankland and Kolbe(3) obtained metacetonic acid in the same 
manner. They prepared cyanide of ethyl by distilUng sulphovinate of 
potassa with cyanide of potassium, agitating the product with water, 
sep^ting it from the latter by chloride of sodium, drying it with chlo- 
ride of calcium, and rectifying it ; when pure it is a fi^ of the spec* 
gray. 0*7889 at 12®*6,and boiling at 80®; it i 8 ,cbntra)?y to Pelouze^s 
statement, considerably soluble in water, from which it may, however, 
be neai’ly perfectly separated by addition of chloride of sodium or 
chloride of calcium.r-On treating cyanide of ethyl with a boiling 
aqueous solution of po^sa, the evaporating liquid being flowed 
"^o condense and return to the flask, metacetonate of potassa was 
obtained, and this salt, when distilled ^th. sulphuric acid, yielded 
aqueous metacetonic acid. The baryta^salt of the latter crystal- 
lizes with difficulty; when dried at 100® it hs^ the formula BaO, 
Cg Hg Og; the salt of protoxide of lilver separates in small crys- 


(1) Compt Rend* XXV, 781 ; Ann. Ch. Philife. LXIV, 329 (in sbstr:) 

(2) Ibid. 656. . . ; 

V3) Loc. Cit. p. 08. 
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tallinc scales from a hot saturated solution^ on its cooling $ it is teJSSnie' 
less soluble in water than the acetate, and, When dried in vacuo 
over sulphuric acid, has the composition assigned to it by Oott- 
lieb, AgO, Cg H5 O3 ; the salt of protoxide of lead has a sweet 
taste, its solution leaves, on evaporation, a tenacious gummy mass^ 
which, dried in vacuo over sulphuric acid, is PbO, H5 O3. > 

Respecting the metacetonic acid, in which hydrogen is replaced 
by chlorine, we refer to page 884 . 

witrometacetoniG Add. — According to Laurent and Chancel(l), if 
a mixture of equal volumes of butyrone (Cy 0) and nitric acid 
of the usual strength, be gently heated, a violent action ensues, 
nitrous vapours and carbonic acid being evolved; if the applica* 
tion of heat be discontinued as soon as the action commences 
and the fluid be poured into a^ large quantity of water, after the 
evolution of gas has ceased, an oily liquid is precipitated, which 
mixes in all proportions with alcohol; this substadee is nitro- 
metacetonic acid, being metacetonic acid, in which 1 H is replaced 
by 1 NO4. It may be obtained in a state of greater purity 
by the addition of a strong acid to an aqueous solution of the , 
potassa- or ammonia-salt; it remains fluid even at a very low 
temperature, it is inflammablo and possesses an aromatic odour 
and a sweet taste. On mixing alcoholic solutions of the acid 
and of potassa, yellow needles of the potassa-salt are imme- 
diately formed; they are purified by recrystallization. The am- 
monia-salt is produced in a similar manner ; the other salts, 
and especially the silver-salt, arc obtained by double decomposi- 
tion. All these salts are crystallizable, and, with the exception 
of the ammonia-salt, take fire with a kind of explosion, when 
gently heated. The formula of the acid is HO, Cg (NO4) 

Og, that of the crystallized potassa-salt is KO, Cg H4 (NO^} O3 
+ 2 HO. The ammonia-salt, which is isomorphous with the former, 
having ^the formula NH^ O, Cg H^ (NO4) Og -f- 2 HO, sublimes 
without decomposition, but, when kept for several days, it spon- 
taneously explodes ; hydrosulphuric acid decomposes it with de- 
position of sulphur. The solution of the potassa-salt yields with 
nitrate of protoxide of silver a yellow precipitate, probably a 
basic-salt; on treating this with boiling water, there remains a 
residue of protoxide of silver, ‘and the neutral silver-salt is dis- 

(1) J. Pharm. [3] XIII, 462} Compt. lUnd. XXV, 883; Ann. Ch. Pharm. LXIV, 

331. 
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dissolvedf crystallizing in rhombic plates of the formula AgO^ 
Ce H, (NO,) O 3+2 HO. 

Butjnric Add. — On the occurrence and formation of butyric acid^ 
see p. 393 and 419. 

WackenroderCl) has shown that some butyric acid is formed 
during the conversion of sugar of milk into lactic acid. 

SensGb( 2 ) has pointed out that^ in Gobley^s method for the 
preparation of lactic acid^ there is no means of ascertaining when 
the conversion of the sugar into lactic acid is completely effected^ and 
that ^ a loss of that acid may hence arise^ in consequence of the 
production of butyric acid (which commences immediately after 
the formation of lactic acid). — ^Bensch gives the following direc- 
tions for the preparation of lactic and butyric acids. 6 pounds of 
cane-sugar and ^ ounce of tartaric acid arc dissolved in 26 pounds 
of boiling water, and the solution allowed to stand for several 
days ; about 8 ounces of old putrid cheese broken up in 8 pounds 
of skimmed and curdled sour milk ; 3 pounds, of levigated chalk 
are then added, *the mixture being placed m a warm place, at 
about SOP to 86 ®, and well stirred daily. After 8 or 10 days, the 
whole solidifies to a magma of lactate of lime, which is then mixed 
with 20 pounds of boiling water and i ounce of caustic lime, 
boiled for half an hour, strained through a filter-bag, and the 

filtrate evaporated to syrupy consistency; after four days the 

lactate of lime will be found to have separated in crystalline 
grains. It is then drained, mixed up, three or four different 
times, with about of its weight of cold water, and drained 
by pressure; it is now dissolved in twice its weight of boiling 

water, ounces of sulphuric acid, diluted with an equal 

weight of water, being added to the solution for every pound of 
the pressed lactate of lime contained therein; the precipitate 
formed is filtered off, and the hot filtrate boiled for a quarter of 
an hour (not longer) with carbonate of protoxide of zinc, in the 
proportion of If pound to every pound of sulphuric and em- 
ployed; the liquid, filtered while boiling, deposits, after some time, 
colourless lactate of protoxide of zinc in crystallized crusts, which 
are washed with cold water, dissolved in 7\ times their weight of 
boiling water, and decomposed by hydrosulphuric acid. 

If the above mixture of sugar, chalk, &c., is left for a longer 
period than ten days at 86 ®, ^e water, evaporated, being replaced. 


(1) Arch. Pharm. [2] LI, 138. 


(2) Ann. Ch. Pharm. LXI, 174. 
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the mass becomes again more liquid^ while gas is evolved, and 
after five or six weeks, the lactic acid is entirely ccmverted into 
butyric acid. The liquid obtained is mixed with an equal volume 
of cold water, a solution of 8 pounds of crystallized catbonate of 
soda added, and the precipitated carbonate of lime filtered off and 
washed; the filtrate and wash-waters are evaporated down to 10 
pounds, when 5^ pounds of sulphuric acid, previously diluted with 
an equal weight of water, are carefully added. The butyric acid, 
which separates on the surface of the liquid, as a dark-coloured 
oil, is removed, and the rest of the liquid distilled ; the distillate 
is neutralized with « carbonate of soda and the butyric acid it 
contains, likewise separated by sulphuric acid. The whole of the 
crude butyric acid is rectified, with the addition of 1 ounce of 
sulphuric acid to every pound; the distillate is saturated with 
chloride of calcium, which removes the acetic acid, and redistilled; 
the first portion that comes over is dilute butyric acid, containing 
traces of hydrochloric acid, the latter portion is concentrated 
butyric acid. 28 ounces of pure concentrated butyric acid are 
thus obtained from 6 pounds of cane-sugar. 

According to Laroque(t) butyric acid may be distinguished 
from valerianic acid by the latter forming, when added to a 
solution of acetate of protcXsdde of copper, at first a green oily 
stratum fioating on the surface of the liquid, and a solid preci- 
pitate only upon agitation, while the latter is produced imme- 
diately by butyric acid(2). Laroque observed that the crystallized 
butyrate of protoxide of zinc fused at about 100^, and was decom- 
posed at higher temperatures, with evolution of acid vapours and 
the formation of an anhydrous salt and butyrone; he also found 
that the anhydrous salt fused at 140^, and that by boiling a 
solution of this salt butyric acid was volatilized, an insoluble 
basic salt being formed. — Butyrate of protoxide of capper 


(1) From Recueil des Trav. de la Soc. d’fimulat. pour les Sc. Fharm., JauTier^ 1847, 
in J. Pham. [3] XII, 67. . 

(2) It may here be stated, that the separation of butyric from valerianic add, is 
effected by semi-saturating a mixture of the acids with carbonate of soda, and dtJstil- 
ling ; the product consists entirely, or prindpally, of butyric add, acccNrding to the 
proportion in which' the adds are mixed ; if the distillate contains valerimiic add, the 
residue in the retort wiU be/found quite free from butyric add \ in the other case, the 
residuary soda-sdt is decomposed by sulphuric add, the add, thus separated, is once 
more semi-saturated with carbonate of soda, distilled, and 0 on ; the last distillation 
will yield products gradually richer in pure valerianic add» 
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was found by Liefi(l) t6*%e represented by the formula CuO, 

CgH^Oj+HO. ' 

VaieHaiile Aeia.~On the occurrence of valeiianic acid^ see 
p, 419. 

Thirault(2) agrees with the view^ that valerianic acid does not 
pre-exist in the valerian-root^ but is formed by the oxidation of the 
oil contained therein/ by the oxygen of the atmosphere^ and, that 
water and caustic alkalies promote this oxidation, although the latter 
have no direct chemical action on valerian-oil. He recommends 
that the separation of the add from the roots be not proceeded 
with, until they have been boiled in a weak aqueous solution of 
an alkali, and exposed- therem to the action of the atmosphere 
for a month. — Leudet(3) found, that no valerianic acid was 
formed by exposure of the oil in the presence of water to the 
atmosphere; he believes, on the contrary, that, under these 
drcumstances, a different acid is formed, separating, on the 
addition of nitric acid, from its aqueous solution as a resinous 
substance. 

Lefort obtained, by following Brun-Buisson^s direction for 
the preparation of valerianate of zincf with some slight modifica- 
tions of his own (by macerating, for twenty-four hours, 4 kilo- 
grammes of valerian-root with 25 litres of water, 400 grammes 
of sulphuric add, and 240 grammes of bichromate of potassa, 
then distilling off 10 litres, and saturating the ^tiftate with 
protoxide of zinc) an abundant produdt of a f|$bc^8alt, which 
consisted, however, chiefly of sulphate of MilMKide of zinc. 
According to Lefort’s observation, i iili i zinc is de- 

composed by boihng its aqueous Bolutionf^^aroque(4), likewise, 
found this to be the case ; he also states that it is more difficult 
to obtain a volatile anhydrous salt from the valerianate of pro- 
toxide of zinc than from the butyrate; and that the former salt, 
when distilled, has the appearance of paraffine. — ^Wittstein(5) has 
observed, that the aqueous solution of valerianate of zinc is ren- 
dered turbid, by being heated for a short time, becoming, how- 
ever, clear again on cooling; but that, after continued ebullition, 
it deposits a basic salt, which does not redissolve on cooling. 


(1) Compt. Rend. XXVII, 321. 

(2) JhT^benn. [3] XU, 161 ; Repert. Pharm. [2] XLVXI, 3S9. 

#ftifT3]XI,444. 

(ymbrRecueil des Tisv. de la Soc. d’fimulat. tKHirles Se. Pham.» Jativier, 1847» 
44, ft J, Plmrm. t3] XII, 68. 

(5) Repert. Phana. [3] 1, 189. 
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Witt stein also founds that on mixing a thin paste of freshly 
precipitated carbonate of protoxide of zinc, with valerianic add, a 
salt ZnO, C,Q Hg O3 4- 12 HO is formed, containing water which 
is not expelled at 50”, but is evolved at 100®; while the salt 
that separates on evaporation of an aqueous solution, or on mixing 
solutions of sulphate of protoxide of zinc and valerianate of soda, 
is anhydrous; the salt containing water is soluble in 44 times, 
and the anhydrous salt, according to later experiments, in 90 times 
its weight of water. 

Wittstein(l) formerly assigned to valerianate of aesquumde of 
irony the formula 8 Fe^ O3, 7 Cjo Hg O3 4- 2 HO. Rieckher(2) 
considered this salt, obtained by him on adding a solution of 
sesquichloride of iron to a moderately warm solution of valerianate 
of soda, as an amorphous lustrous substance, dark-red and trans- 
lucent at the edges, and brittle at the common temperature, to 
contain merely hygroscopic water (to the extent of 17 per cent) ; 
bis analysis of the salt, dried at 100°, corresponds with the for- 
mula 3 FCg O3, 7C,o Hg O3. Wittstein(3) endeavoured to prove 
the correctness of his formula by new analyses, and stated, that 
at 100® this salt gradually lost almost the half of its acid. 
Rieckhcr(4), at *a later period, considered it probable that the 
substance, obtained by him, was different from that formed on ad- 
dition of an alkaline valerianate to a solution of sesquioxide of 
iron in the cold; and that, without regarding the water in the 
former, which he considered as hygroscopic, its composition was 
expressed by the formula 4 Fcg O3, 9 Cjg Hg O3. 

Wittstein(5) has found the valerianate of teroxide of bismuth, 
(obtained as a loose white poWder, by the addition of valerianate 
of soda to a solution of bismuth in nitric acid, and by nearly 
perfect saturation with carbonate of soda), when dried at 60®, to 
have the formula 3 Bi Os, 2 C|o Hg O3 -f 4 HO. 

DeeomposlUoii of Yalerfanlo AelA by the Electrle Current. — 

Ki)lbe(6) has investigated the decomposition of valerianic acid 
by the electric current. By the action of a current produced by 
six pairs of Bunsen’s carbon-zinc battery, the electrodes being 
of platinum, and immersed in a concentrated solution of vale- 
rianate of potassa, at 0®, hydrogen, carbonic acid and a new 

(1) Bepert Humn. [2] XXXVII, 800. (3) Jahrb. Pr. Pham. XVI, 324. 

(2) Jahrb. Pr. Pharm. XV, 151. (4) Ibid. XVII, 85. 

(5) Repert. Pham. [3] 1, 37. 

(6) COiem. Soc. Mem. Ill, 378 : Phil. Mi«. [3] XXXI, 348 ; J. Pr, Cbem. XUI, 
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gtoeoRB hydrocarbon were evolyed^ and a light oily liquid sepa- 
ratedj which rose to the surface^ the potassa being finally 
conTerted principally into the neuti^ and acid carbonates. The 
light oily fluids possessing an etherial odonr^ is a mixture of two 
substances; one of these is* decomposed by an alcoholic solution of 
potassa^ with formation of Talerianate of potassa. (Kolbe sup- 
poses this substance to be ai^ etherial combination Gg Hg O, 
Cio Hg O 3 ; but operating with very small quantities he did 
not succeed in isolating the new alcohol Cg Og, which must 
be formed by the decomposition of this compound). The other 
substance is a light colourless oily fluids of an agreeable aromatic 
odour^ boiling at 108 ^; its spec. gray, is 0*694 at 18 ^^ and its 
composition Cg Hg^ its vapour-density is 4*06 (with the assump- 
tion of a condensation to 2 volumes, it is calculated at 3*94). 
Kolbe calls this liquid valyl; its formation from valerianic 
acid, with the evolution of carbonic acid and hydrogen, is ex- 
plained by the equation C^q Hjg O 4 = Cg Hg + 2 COg + H. Valyl 
is soluble in alcohol and in ether, but not in water, and is not 
affected by oxygen or iodine, while bromine, chlorine, and fuming 
nitric acid convert it into products of siibstitution. — The gaseous 
hydrocarbon, formed during the decomposition of valerianic acid, 
possesses a peculiar etherial odour, its formula is Cg Ilg, and 
its spec. gray, double that of olefiant gas; with chlorine it forms, 
even in the dark, a heavy oily fluid, containing several sub- 
stitution-products.— Kolbe has likewise observed that acetic and 
butyric acids are decomposed in a similar manner; the former 
yielding only gaseous products, the latter, also a volatile liquid, 
C, H,(l). 

According to Frankland and Kolbe( 2 ), cjranide of amyl, 
[which, when obtained pure in a ntatt&w sinular to that for 
cyanide of ethyl, (p. 424), is a mobile liquid of pecuhar odour, of 
the spec. grav. 0*8061 at 20°, having a vapour-density of 3*333, 
(calculated at 3*351 for a condensation to 4 volumes), boiling 
at 146”, and less soluble in water than cyanide of ethyl, but 
miscible in all proportions with alcohol] yid^ caproate of potassa, 
when treated with an alcoholic solution of potassa (which acts 
more rapidly than an aqueous solution), in such a numner that the 
evaporated liquid returns to the potassa. To confirm this decom- 


(1) Kolbe bn g^ven a more detailed aeeoant of this leactioii, in a memoiT lately 
pMisbed (1849) Ann. Ch. Pbanm UOX, 857. 

(8) Loc. at. p. 418. 
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position^ the combinations of this acid with baryta and protoxide 
of silver were prepared and analysed. 

Fatty Acids la Oil of €ocoa«iNav— -Fehling(l) had pointed out, at 
an earlier period, the existence of caproic add, C12 O4, and 

caprylic acid, H O4, in cocoa-nut oil; A. Oorgey( 2 ) has 
found, besides these, capric acid, Hjo O4. The principal con- 
stituent of cocoa-nut oil is, hpwever, according to Gorgey^s 
experiments, Sthamer^s pichurim-stearic acid (lauro-stcanc acid of 
Marsson C24 OJ. Gorgey could not obtain an acid of the 
formula H32 O4, such as Saint-Evre( 3 ) asserts that he has 

discovered ; he considers it however probable that myristic acid 
C28 H28 Op and. palmitic acid C32 H32 O4, exists in cocoa-nut 
oil, besides the acids already enumerated. Capric and pichurim- 
stearic acids may be recognized, according to Gorgey, amongst 
the mixture of fatty acids in cocoa-nut oil, by the behaviour 
of their baryta-salts during crystallization from the hot aqueous 
solution ; the latter becomes turbid on cooling, even while passing 
through the filter, and deposits white fiakes, which are pichurim- 
stearate of baryta. The supernatant liquid soon becomes turbid 
again, caprate of baryta being deposited as a fine white powder. 
Baryta-salts of the acids of atomic weights lower than that of caprylic 
acid (Cig OJ may be easily obtained by means of baryta-water, 
but with the acids of higher atomic weight it is better to pre- 
cipitate the ammonia-salts with chloride of barium. Should the 
mixture of acids contain caprylic acid, its presence may be recog- 
nized by the liquid, filtered from the precipitate produced by 
chloride of barium, becoming opalescent, (like a dilute solution of 
ammonia-soap), after being rapidly boiled down and cooled. 

The following are some additional statements made by Gorgey 
respecting capric and pichurim-stearic acids. 

Capric add . — ^This acid is contained only in small quantities 


(1) Ann. Ch. Fhann. LIII, 390 ; Berzelius’ Jahresber. XXVI, 619. 

(2) Ann. Ch. Phann. LXVI, 290 ; Ann. Ch. Phys. [3] XXV, 102. 

(3) Saint-Evre has given the name coctnic acid to the. substance obtained firom 

cocoa-nut oil, by saponifying the lattor, separating the adds from the soap, pressing and 
recrystallizing them from alcohol, resaponifying with soda, preciiptating the soda- 
compound with acetate of protoxide of lead, extracting the lead-compounds with ether, 
and decomposing the residue- with tartaric acid; the analyses of the crystallized acid 
(the fusing-point of which was 347"), and its combinations with oxide of ethyh and 
protoxide of silver, led him to the formula, O4 ; the product of dry distillation 

of the lime-salt (cockone) yielded,, on analysis, numbers corresponding with the formula; 
C31 H31 O. (Ann. Ch. Phys. [3]*XX, 91 ; h Pr. Chem. XLl, 144; Ann. Ch. Pharm. 
LXIV, 341 fin abstr.) 
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ou^ in cocoa-nut oil. It fuses at 30^ and possesses a faint hircinic 
coeoa-tiiit. odour; it IS perceptibly soluble in hot water but separates again^ 
on coolings in lustrous crystalline spangles^ so perfectly indeed^ 
that the water scarcely retains any acid reaction. The baryta-salt 

* crystallizes in delicate dentritic aggregates^ on evaporation of its 
aqueous solution to a pelHcle. 

Pichwrim^Hearic acid. — ^On co^jling an alcoholic solution of this 
substance, saturated at the ordinary tenqiperature, down to 0 ®, it is 
deposited in concretions of the size of a hazel-nut, consisting of small 
spicular crystals. Its spec. grav. is 0*883 at 20°, its fusing-point lies 
between 42° and 48°. — ^Pichurim-stearate of oxide of ethyl, Hg O, 
C 24 H 23 O 3 , solidifies at — l(fi; it has the spec. grav. 0*86 at 20 °, and 
the^boiling-point 264° (coinciding accurately with the calculated boil- 
ing-point, according to H. Kopp’s law) ; the spec. grav. of its vapour, 
observed, is 8*4, the calqisdated number is 7*9. — Pichurim-stearate 
of baryta is deposited from its hot aqueous solution in small white 
fiakes; 1 part of this salt is soluble in 10864 parts of water at 
16*6°, in 1982 jiarts at 100°, in 1468 parts of common alcohol 
at 15*5°, and 211 parts of alcohol at thq boiling temperature. 

Fatty Acids In castor-ou. — According. iSSt the earlier investigations 
of Bussy and Lecanu(l), castor-oil was considered as a combination 
of oxide of glyceryl with three fatty acids, of which the one fusing 
at 130°, was called margaritic acid ; while the two others^ existing as 
liquids, were named ricic and claiodic acid^ Bussy and Lecanu 

• consider the two latter to be identical with the acids appearing 
among the products of the dry distdlation of castor-oil. 

'Saalmuller(2), in again taking up this investigation, has shown 
that castor-oil contains no acid fusing at 130°, and that the 
high fusing-point and the difficult solubility in alcohol of marga- 
ritic acid, as observed by the above named chemists, is to be 
ascribed to its retaining a portion of alkali. He found the fusing- 
point of this acid to be 70°, and its point of solidification between 
68 ° and 70°. One analysis of the substance furnished numbers 
corresponding exactly with the formula of stearic acid; three other 
analyses, however, made with substance, of a different preparation, 
gave results more closely agreeing with the composition of pal- 
mitic acid. It, therefore, still remains doubtful whether all kinds 
of castor-oil contain invariably the same solid fatty acid, and like- 




(1) J. PlMtin. xin, 67. 

(2) Ann. Ch. Phum. LXIV, 108, (in rintr.) ; J. Vhum. [3] XlII, 891. 
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wise which acid it is; invariaUy^ however, its relative proportioti in s‘*ttyad<ii 
the oil'is very insignificant. * * " * " 

The principal portion of the fatty acids,, obtained 'by the sapo- 
nification of castor-oil, consists ^of an acid, which, 'at the common . 
temperature, is of syrupy consistence, of a pale sherry colour, and 
inodorous, but of a disagreeable sharp aii8 acrid taste ; its spec. grav. 
is 0-94 at 15^, it only solidifies^at from — to — 10®, to a jnass 
of globular concretions. The best method for obtaining it p^re is 
that described by Gottlieb for the preparation of the mdesiccativc 
oleic acid. * 

Saalmuller calls this substance ridnoleic acid , — It is xniscible 
in all proportions with alcohol and ether,, its solution has ati acid 
reaction, and decomposes the alkaline carbonates. It is not affected 
by contact with oxygen, and yields, on distillation, no sebacic acid, 
but cenantholc and oenanthylic ^acid, as f^wn by Bussy. — Accord- 
ing to Saalmuller, the coitiposition of ricinoleic acid is expressed 
by the formula Og = HO, Cg^ Hgg Og. The ricinoleates of- 

the alkaline earths and the heavy metallic oxides, that* have been 
examined, are almost a^ crystallizable ; they are all soluble in 
alcohol and some also in ether ; they are anhydrous after desiccation 
in vacuo, with exception of the. lime-salt, and have the formula M!0, 

Cgg Hgg Og. Llkc thc acid itself, they do not absorb oxygen from 
the air.- The following salts were obtained by precipitation of 
aqueous solutions of the chlorides with a very dilute solution of 
the acid in an excess of ammonia; the baryta-salt, (crystallizing 
from its alcoholic solution in white, delicate laminse) ; thc stfontia- 
salt, (crystallizing in small white grains); and the lime- salt, (forming 
small dazzling white scaly crystals, which contain 1 eq. of water 
and fuse at 80®). The magnesia-salt crystallizes in thin needles; 
the salt of protoxide of zinc, in small white nodules. The salt of 
protoxide of lead could not be obtained of constant composition 
by precipitating a solution of the acid in an excess of ammonia, 
with acetate of protoxide of lead, but was prepared perfectly pure 
by digesting the acid with an excess of protoxide of lead at. a 
gentle heat, and recrystallizing the resulting combination from 
ether ; it fuses at lOQ®. It was likewise difficult to obtaitl^ salt 
of' protoxide of silver of constant composition. Ricinoleate of oxide 
of ethyl is a sherry-coloured oily fluid, which cannot be distilled 
without undergoing decomposition. 

Saalmuller has also found that, contrary to the statements made 

VOL. I. p F 
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by )3oudet(l)j neither castor-oil nor ricinoleic acid are at all 
altered in composition or physical constitation by treatment with 
sulphurous acid. 

Svanberg and Eolmodin(2) obtained different results in their 
invei^gation of the liquid acid of castor-oil. After saponification 
of the oil, the acids were precipitated by hydrochloric acid, washed, 
and the more solid ones separated by filtration at from 3^ to 5^ 
That portion which passed through the filter was treated with 
ammonia in an insufficient quantity to .neutralize it ; the resulting 
soap was decomposed with chloride of barium and the baryta-salt 
recrystallized from alcohol until it contained a constant amount 
of baryta. Svanberg and Kolmodin deduced, from a single 
analysis of this salt, the formula BaO, H33 Og ; according to 
them pure ricinoleic acid (precipitated from the baryta-salt by 
hydrochloric acid), is a weak acid, solidifying at about QPj the 
alcoholic solution of which scarcely reddens litmus paper. 

The solid acids of castor-oil have been likewise examined by 
Scharling(3). Some crystals, which had been deposited from castor- 
oil, were repeatedly dissolved in boiling alcohol ; from the cooling 
solution a fat separated, which fused at 44®, and yielded by sapo- 
nification a fatty acid, fusing at 72®. After saponifying the oil, 
from which the crystals had befbn deposited, decomposing the soda- 
compound with acetate of protoxide of lead, and treating the pre- 
cipitate obtained, with ether, there remained a lead-compound; 
the acid of which, after repeated recrystallization from alcohol, 
likewise fused at 72®. The analysis of the silver-salt corresponded 
nearly to the composition of palmitate of protoxide of silver, 
AgO, C33 Hgi O3, Scharling considers its correct formula to be 
AgO, C33 H32 O3, and views the acid it contains as a peculiar ricino- 
stcaric acid, which is distinguished from palmitic acid by its higher 
fusing-point (the latter fusing at 60^), and from common stearic acid, 
by its somewhait greater volatility. 

CEnanzhoie. — ^Bus8y(4) found, at an earlier period, amongst the 
prodttOls of distillation of castor-oil, a peculiar fluid, boiling at from 
to 158®, which he called oenant]i6le; he assigned to it the 

(1) Ann. Gh. Phys. [2] L, 391 ; Berzelius’ Jahresber. ICIll, 284. 

(2) From OefVersigt af Kongl. Vetensk. FSrhandl. 1847, 124, in J. Pr. Chem. 
XLV, 431. 

(3) Oversigt over det Kongl. danske Vidensk. Selsk. Forhandl. 1847 ; Trier upd 
Faber’s Arcfair for Pharmade og technisk Cbem. II, 26 ; J. Pr. Chem. XLY, 434. 

(4) Compi. Rend. XXI, 84. 
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formula, and described the obtaining it piire. 

Williamson^ and Tilley have submitted this substance to farther 
investigations. 

William son(l) confirmed Bussy^s formula of oenanthole, and 
found its boilmg-point to be at from 155^ to 166^. — On Mating 
cenanthole with a concentrated aqueous solution of potassa, an eleva- 
tion of temperature ensued, the odour of the supernatant liquid was 
altered, and there was found, in combination with the potaasa, an 
acid, separable as an oil by tartaric acid; this was recognised as 
being oenanthylic acid (the baryta-salt, BaO, and the 

salt of protoxide of silver were submitted to analysis) ; the composi- 
tion of the oil, formed in this reaction (as the residuary substance, 
after treating cenanthole with potassa)*, was found to vary very 
much in different preparations ; it differs, moreover, from oenanthoh^ 
by yielding, with nitric acid, a product heavier than water, while 
the latter yields, by the same treatment, an agreeably smelling 
product, which is lighter than water. — ^After treating cenanthole, 
dissolved in four times its volume of alcohol, with hydrochloric acid 
gas, addition of water separates ati oil, differing from cenanthole, 
which may be distilled with water, or even by itself, if the tempe- 
rature be properly regulated ; it is a colourless fluid, of an agreeable 
odour, and was recognized as being cenanthylate of oxide of ethyl, 

Hg O, Ci 4 Hj 3 Og. — ^The results of the action of chlorine upon 
cenanthole are hydrochloric acid, and a semi-fluid oil of an agreeable 
odour, which is heavier than water; it may be distilled by itself, 
and has the formula, Cj^HiiCl 3 02. In Williamson's opinion, 
the formula of cenanthole ought to be doubled, and this substance 
considered as a sort of ether, Ca 8 H 28 04 = Ci^HjgO + HjgOg, 
whereby the formation of oenanthylic acid by the action of potassa, 
or hydrochloric acid, might be explained. 

Tilley(2) likewise found Bussy's formula of cenanthole to be 
correct, and its boiling-point to be 155^; he observed that this 
substance became brown and acid, after lengthened ebullition, its 
boiling-point rising at the same time. — When cenanthole is added, 
drop by drop, to strong nitric acid, it is violently acted upon, the 
acid retains oenanthylic, caproic, and oxalic acids in solution, a 
mixture of oenanthylic and caproic acids, and nitracrole distilling 

(1) AnAj^Ch. iPharm. LXI, 38. 

(2) Phil. Mag. [3] XXXIII, 81 ; Ann. Ch. Pharm. LXVII, 105 ; J. Pr. Chem. XLV, 
306; J. Pham. [3] XV, 237 (in abatr.) 
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over. The latter substance was discovered by Bedtenbacher^ 
among the products of decomposition of choloidic acid^ by nitric 
acid ; it may be separated from the distillate^ obtained by the action 
of nitric acid upon oenanthole, by the addition of water, in heavy 
drop8|| which unite to a colourless duid, of a penetrating and irri- 
tating odour I on heating it with water to 100^, it is decomposed 
into nitrous acid and another substance, called by Bedtenbacher 
cholacrole, which is a clear yellowish liquid, possessing, likewise, an 
intensg odour when concentrated, and having, according to Bed- 
tenbacher, the composition CgHgNgO^g; it imparts a yellow 
colour to solution of potassa, forming with it crystals of nitro- 
cholate of potassa, KO, C2N4HO^ (discovered by Bedtenbacher), 
while a heavy oil remains. — ^Thc production of oenanthylic and 
caproic acids, by the action of nitric acid upon oenanthole, was con- 
firmed by the analysis of the baryta-salts, BaO, Ci^HjgOg, and 
BaO, Cjjj Hii O3. — ^Tilley obtained oenanthylic acid by the action of 
fused potassa, as well as of an aqueous solution of the alkali upon 
oenantholc. On distilling the residuary oil, obtained in the latter 
case, with water, it passes over slowly, as a colourless liquid, pos- 
sessing a feeble odour of lemons; it boils at 220^, undergoing 
partial decomposition ; it is only slightly soluble in water, but dissolves 
in all proportions in alcohol and ether ; it bums with a bright flame, 
and has the formula, H14O ; Tilley calls it hydride of oenanthyL 
The decomposition of oenanthole, by an aqueous solution of potassa, 
into oenanthylic acid and hydride of oenanthyl, is expressed by the 
equation : 8 (C,^ Hj^Og) = + 2 '''^dridc of 

oenanthyl yields, with nitric acid, oenanthylic acid, and, on being 
heated with potassa, oenanthylic acid and a pitriiJike substance, 
while hydrogen is liberated. — By t|fe action of ' ammonia-gas on 
mnanthole, omanthyUammonia ia produced ; if sulphurous acid be 
passed through a solution of this compound in strong alcohol, 
sulphite of mianthfyUammoniaj Cj^HjgO, SOg + NH^O, SOg, sepa- 
rates as a white crystalline powder (or upon employing a more 
dilute solution, in small distinct prisms) ; it is quite analogous to 
the sulphite of aldehyde-ammonia, discovered by Bedtenbacher. 
Sulphite of (fenanthyl-ammonia is slightly soluble in alcohol and 
water ; when heated, it fuses, and white vapours are evolved, after 
%hich it and bums with^a dame. It is gradually decom- 

posed by Ipt wjiter, in the cold, and more rapidly when 

heat miAUthole being liberated, and bisulpUte of am- 

monia MMil feyiu solution ; this decomposition process still more 
rapidly in the {^Sence of acids. 
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]|ie 9 iiii 9 traiii«fiiL — Schsrliiig(l} has investigated the train-oil of 
the bottlc-nose-whale of the Faroe Islands (the Balmna rosiraia of 
Chemnitz^ the hyperodon of later authors). This train-oil is a 
better fuel for lamps than ,the common train-oil| and has the 
spec. gray. 0 * 868 . It may be freed from its bad odour Ijy ex- 
posure^ in contact with water, to the solar rays, by agitation with 
thin milk of lime, or by solution in boiling alcohol (1 part dis- 
solving 4 part of the oil, 1 part of alcohol at 87® dissolving VW 
part). ,It absorbs oxygen^ and becomes thereby heavier and more 
viscous. It is darkened and soon rendered solid by nitrous acid ; 
on treating it then with alcohol, a crystalline substance, more 
difficultly soluble, may be separated, which dissolves in 10 times 
its weight of boiling alcohol, and fuses at 32®. At 8 ® this train- 
oil becomes turbid, and at a few degrees above 0 ®, it forms a 
semi-fluid mass. By exposing it for a lengthened period to a 
temperature of — 8 ®, and allowing the more fusible portipn to 
flow off at gradually increased temperatures, a fat was finally ob- 
tained which fused at 24®, and contained amongst other substances 
some spermaceti; the fat was saponified, the soda compound ex- 
hausted with ether, and a silver-salt prepared from the residue, 
which had the composition AgO, n„ 03 . 

The principal mass of the train-oil consists of an oleic acid, 
which, according to Scharling, differs somewhat from common 
oleic acid. The train-oil was boiled with protoxide of lead and 
water, by which a compound was obtained, one portion of which 
was soluble, the other insoluble in ether. The insoluble portion 
yielded a fatty mass, consisting, for the greater part, of a sub- 
stance fusing at 49® ; and likewise of another body, in small quan- 
tity, which was decomposed at 100®, without fusing. The soluble 
portion, when ti*eated with hydrosulphuric acid, yielded an acid 
>vhich remained solid at a ' few degrees above 0 ®, and fused at 
16® to a clear yellow liquid, which reddened litmus-paper. Schar- 
ling assigns to this acid the formula O 4 , to the baryta- 

salt BaO, Cgg Hgg O 3 , and to its combination with oxide of ethyl 
C 4 Hg O, Cgg Hgg O 3 ; he calls it dceglic add , — On rapidly dis- 
tilling doegling train-oil, there remains only a very slight residue ; 
carbonic acid, carburetted hydrogen, and a very small quantity 
of acrolein are disengaged ; the distillate is a bright flrqd, con- 
sisting principally , of sevend hydrocarbonsi By digestion of this 

(1) From Trior’s ArcUiv. for Phum. og ieclinisk Chcio. I, in J. Pr. Cbetu. 
XLIII, 257. • 
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product with carbonate of aoda^ rectification in a water-bath, desicca- 
tion tacith chloride of calcium, and redistillation over potassium, a 
liquid was obtained of the composition which was found 

to have the density of vapour 5*8 wlmh (assuming a condensation' 
to 2 volumes) 'corresptmds exactly with the calculated number. 
Scharling hfu given the name, deegHe oxide, to a compouiid of 
2 eqs. of this hydrocarbon with 1 eq. of water ; according to him, 
pure dceglingtndn-oO may be considered as doeglate of doeglic 
oxide. 

Add flrom BebeiMHi. — ^Wslter(l) had stated that the behen-oil 
(flrom Moringa t^era) contains, besides margaric and some stearic 
acid, a peculiar solid acid, behenic acid Ggg O 4 , fusing at 53”, and 
also a peculiar liquid substance, moringic acid, solidifying 

at 0^. Volcker(2) found in behen-oil (from Moringa okifera), 
amongst other acids^ one fusing at 60^ (named by him behenic 
acid) ; he investigated its combinations with baryta^ soda^ oxide of 
ethyl and protoxide of lead, and likewise the acid in the crys- 
talline state, to which he assigned the formula O^. 

Strccker(3) has, however, shown that the results obtained by the 
analysis of the three first named compounds, and of the crystal- 
lized acid, agree better with the formula 
fixamlnatloii of tlie Fuel flrdm an ancient Lamp.— ^Braconnot(4) 
examined the fuel found in an antique lamp, probably of the 
4th century. It was partially soluble in boiling alcohol of 0 * 9 $^ 
spec. grav. ; the solution deposited, on cooling, a substance n 
white flakes, fusing at 64^, (probably cerin) which admitted m 
being partially saponified with potassa, and yielded a product from 
which margarate of potassa was extracted by alcohol in the cold ; 
a white residue being left, which corresponded in its properties with 
cerain. The alcohol employed retain^ a substance in solution, 
which was obtained upon evaporation as a white, hard, brittle 
mass, fusing at 51^; its alcoholic solution reddened litmus-paper, 
and deposited, on slow evaporation, small granular crystals ; Bra- 
connot calls this substance cerantic acid. — ^The portion of the 
original substance which was insoluble in akohol, contained my- 
ricin. 


(1) Compt. Rend. XXII, 1143; Ann. Ch. Pbnrm. LX, 271 ; Berneliu.’ Jahresber. 
XXVII, 429. 

(2) Sobeikund. Onderzoek. Ill, 545 ; J, Pr. Chem. XXXlX, 351 ; Ann. Ch. Phwm. 
LXIV, 342; Berseliu.' Jahraber. XXVII, 427. 

(3) Ann. Ch. Pharm. LXIV, 346. 

Ann. Ch. Phy». [3] XXI, 484. 
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Fatty Sulittaiiee ftsna tlie Body of a potrffled Aalmal%-^Gregory(I) *'*‘g„J2**" 
investigated the fatty mass, into which the body of a pig had 
been converted, with disappearance^ of the bones, by burial in a putrised* 
damp soil for the space of fifteen years. The substance was of *“**"*** 
a waxy nature; different portions yielded unequal amounts of ash 
(from 1*5 to 3*6 per cent — carbonate of lime) ; the madi con- 
sisted of about ^ of stearic acid, and | of margaric and oleic 
acids. 

Action of Sulphur and Heat upon Fatty OUs. — ^Ander80n(2) has 
examined the products of decomposition obtained, by heat, from 
fatty oils in contact with sulphur. On warming a fatty oil with 
sulphur, the latter fuses, and is dissolved by '(degrees in the fat, 
forming a thick dark-red fluid. On increasing the temperature, 
a violent reaction ensues, much hydrosulphuric is evolved, while 
the viscous fluid strongly intumesces. On allowing the mixture 
to cool at this point, it solidifies to a tenacious' stiff mass; on 
a farther application of heat, the disengagement of hydrosul- 
phuric acid recommences and an oil of a garlic odour distils 
over. Stearic acid, when heated with sulphur, does not yield this 
volatile product, oleic acid, however, does so; in the distillation 
of the latter, or of almond-oil, with sulphur, the last portions 
that passed over contained margaric* acid, which was not the case 
when oleic acid was distilled by itself ; the formation of margaric 
ueid was proved by the analysis of the substance itself, and of 
its combinations with protoxide of silver and oxide of ethyl. In 
order to obtain larger quantities of the oil which distilled over 
along with margaric acid, Anderson treated linsced-oil with ^sul- 
phur in the following manner : the oil was heated with a little 
sulphur in a spacious retort until the reaction commenced, sulphur 
was then introduced in small doses into the mixture through 
a tube fixed in the retort, the fire being at the same time so 
regulated, that the liquid in the retort did not become too thick, . 
by insufficient application of heat, or the reaction too violent, from 
the employment of too high a temperature. The* oil, which passed 
over, commenced to boil at 71^ its boiling point rising continually. 

For the production of a purer substance, Anderson availed him- 
self of the property possessed by this oil of forming precipi- 


(1) Ann. Cb. Pharm. LXI, 362. 

(2) Transact of the Royal Soc. of Edinburgli, XVI, 363 ; Phil. Mag. [3] XXXI, 161$ 
Ann. Ch. tharm. LXIII, 370 ; J. Pr. Chem. XLII, 1; Ann. Ch. Phyb. [3] XXI, 492 ; 
J. Pharm. [3] Xll, 369 (in abstr.) 
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• &erwi0l^fTOt;ochlo?ide of fuerdtitf Itiid bichloride of platinum. — 
upoo^Sty precipitate^** bbtfoMi jbjr alcobolic solutions of the 

oiii. ^11 maij" 0f protochloride of jpsIrciiTjr, was washed with ether and 
boiled with alcohol, in whi<jh "it Was somewhat soluble, being de- 
posited from the hot, filtered solution, in the ibrm of a white 
crystalline powder of nacreous lustre. The composition of this 
powder was found to be expressed by Ci^ Sg Hg4 Gl^; An- 
derson asidgns to it the rational formula (Cg Hg S3 + Hg^ 
CI2) (Cg Hg Sg + Hg^ S), considering the compound Cg Hg 
(which he terms odmyl, frpm odour) to be analogous with 
^lyl. On [[submitting this mercury-compound, suspended in 
water, to a cumpt i^f hydrosulphuric acid, it blackened, a 
peculiar odour was evolved, and, on subsequent distillation, an oil, 
floating on water, passed over, which^when dissolved in alcohol, 
yielded, with protochloride of mercury, a precipitate similar to that 
from which it had been obtained. Anderson considers this sub- 
stance to be probably the bisulphide of odmyl, Cg ITg Sg. — The 
alcoholic solution of the first-mentioned oil yielded, with bichloride 
of platinum, a yellow precipitate, gradually increasing in quantity, 
the composition and properties of which, varied according as the 
more or less volatile portion of the oil had been employed in the 
preparation. The composition* of the precipitate, obtained with the 
most volatile portion, corresponded approximately to the formula 
Cig Il^g Sg Ftg CI2 (the amounts of chlorine and sulphur were not * 
d^ermined). * 

Adds of Fir Resin.— -In the first investigation of pitilliSliiim 
syivic acids, the formula Hg2 O4 was assigned t^y tei^tby 
H. Ro8e(l} ; syivic acid was afterwards shown by lirTS^ms- 
dorff(2), and pime acid by Liebig( 3 ) to have the formula 
C40 H30 O4, which was confirmed by Iiaur' 6 nt( 4 ). The latter 
chemist subsequently found( 5 ) contained in the resm of 

pimta maritiwaj which he callm^«fiaric acid, to be possessed of 
**ihe same composition* He stdMj^ that it was transformed, by 
distillation in vacuo, into ano^l&si^d, pyromarie ^cid, without 


l^ing altered in* composition 
changed to another isomom 
acid. Thq formula MO,'C0 
salts of these acids ; this does 


that, when to itself, it 
modification, amorphous pimaric 
^4 has beeW"’ assigned to the 
’^‘-^eVhr agree with the views of 


(1) Pogg. Ann. XXXIII, , .(3) Aiyi^ Ch. Pharni. XIIl, 174. 

( 2 ) Ann. Ch. Phiirm. Xll|n«9. < 4 ). ASitk. Ch. Phys. [2] I 4 XV, 324. 

(5) Compt. Rfttd, IX, 797. 
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Laurent and Gerhardt; GW'dbfwk' ttf 'fdi^ «ndeavoated(t) ‘SS' 
to correct this formula^ not^^ intieh by.iienf i^Qialysss 
salts, ah by ascertoiiiiiig trketh^r ^ter is is not Uberalied, in 
the combination of these adds widi anhydrous bases. Silvie 
or pimaric acid, fredily fused andf' ptdverised, yielded but little 
water when heated with protoxide of lead, but oft adding ether 
to the mixture, and then drying at 140*^, water was disengaged 
ill the proportion of 1 HO to 1 eq* of acid; for Mich reason 
Laurent has adopted the formula MO, C^q H^q O 3 , for the &»lta 
of these acids. He likewise satisfied himself that pyromaric acid, 
formerly considered by him as a peculiar acid, id in fact identical 
with silvic acid ; and observed that the jfesin^fhich exudes from 
the Pinns maritima, after separation of the oil of turpentine by 
heat, is but a mixture of sslvic and pimaric a^ds, and also that 
crystallized pimaric acid changes, in the .course of time, into the 
amorphous or pinic acid, while the ftAsed acid did not undergo 
any modification. In his investigation of pimaric acid, Laurent 
had assigned the name asomaric acid to the substance produced 
by the lengthened action of nitric acid on pimaric acid; on re- 
peating his experiment (boiling, however, only seven or eight 
minutes with nitric acid, washing the product with water, dissolving 
it in alcohol and reprecipitating with water), he obtained a yellow 
amorphous, resinous substance, fusing with simultaneous decom- 
position, and ha>dng the same compo*sition as azomaric acid; he 
has now adopted the formula Has Nj Ojft for this substance. 

The ammonia- salt of this acid is very solnble, and dries up to 
an orange-coloured mass. The salt of protoxide of lead, % PbO, 

^40 H 24 Ng 0 , 4 , explodes feebly when heated. From this circum- 
stance, and because the salts of this acid are of a yellow colour, 
Laurent assumes the nitrogen to exist in this substance as hypo- 
nitric acid, and its propei* formula to be C^H*,.2(NOJO«. 

Researches on the Anacardlnm Fruit.— The kidney-shaped nu(^ 
known as the eashu-nut, or mahogany-nut, (naiz d^acqfou) descendr 

(1) Ann. Ch. Phys. [3] XXII, 459; Ann. Ch. Pham. LXVIII, 335; J. Pr. Cham. 

XLV, 61. — Streaker (Ann. Ch. Pharm. LXVIII, 338) believes that pimaric acid 
also might be identical with pyromaric or sylvic acid, since they are similar in nearly 
all their properties, the only differences, pointed out by Laurent, being that 
pyromaric gave, with acetate of protoxide of lead, a crybtalUne precipitate, while that 
formed by pimaric acid was amorphous, and that the acids, examined microscopically, 
had different crystalline forms. That the latter fact can be no reason for regarding 
pimaric acid as diflbrent from pyromaric or sylvic acid is evident, since pyromaric and 
sylvic acids were at first considered, by Laureht, as different, from the same cirenm- 
stanoe, but are now recognised by turn .is idcnticaL 
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ing from Anacardium or Casmviufn occidentale, contains^ enclosed 
in its pericarp^ a brown, balsamic substance, of a sharp, burning 
taste, and producing inflammation on the skin. 

This balsamic substance has been accurately examined by Stade- 
ler(l). It is easily obtained, as a red*brown, almost inodorous 
liquid, resembling Peruvian balsam, by exhausting the crushed shells 
with ether, distilling off the latter from the clear extract and washing 
the resulting residue repeatedly with water, by which some tannic 
acid is removed. The product obtained amounts to about ^ the 
weight of the shells. It is easily soluble in alcohol and ether, the 
solutions reddening litmus-paper; it contains, besides a small quan- 
tity of ammonia and colouring substances which may be extracted 
by acids, two peculiar bodies : a fatty, crystallizable acid, anacardic 
aeid^ and an oily substance, called ci^dole (from anacardium and 
o/cam), which produces inflammation and blisters on the skin. 

Anacardie Add. — ^Anacardic acid is separated from the cardole by 
digesting the alcoholic solution of the mixture with freshly precipi- 
tated hydrate of protoxide of lead, which retains the acid along with 
a product of decomposition, while cardole only remains in solution. 
The lead-compound, after washing with strong alcohol, is stirred up 
with water to a kind of milk, and digested with sulphide of ammo- 
nium. The resulting anacardate of ammonia is now decanted from 
the protosulphide of lead and decomposed with dilute sulphuric 
acid, which separates anacardic acid as a soft mass, solidifying in the 
cold. It is washed repeatedly with water and d|i^lved in aldbhol ; 
the moderately concentrated, coloured solution is then mixed with 
water, until it is rendered permanently turbid, upon which it is heated 
to ebullition, and tribasic acetate of protoxide of lead added, drop 
by drop, until the colouring matter, together with some anacardic 
acid is separated in dark, oleaginous drops. After the lapse of twelve 
hours, the clear fluid, having been poured off, is boiled for a short 
time with freshly precipitated carbonate of Imryta; the resulting 
clear and colourless solution of anacardic acid is decanted after stand- 
ing twelve hours, mixed with strong aleoh<fl, and finfdly precipitated, 
at the boiling temperature, with an alcoholic solution of acetate of 
protoxide of lead. The whdte pulverulent ^anacardate of protoxide of 
lead, after being washed, i^.^uspended in alcohol and deemnposed by 
hydrosulphuric acid, or^ still bettei^, to sulphuric acid; (unless 
alcohol be wtoployed in the pr^ration cl^fuilcard of lead, the 

(1) i^761i^^hfncm: tXtn, 137 s J. Pr. Chem. XLUI, 250 (in abstr.) } Chem. Ga?. 
1848, \ J. Pbarm. FSl XHI. 457. 
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precipitate is f(Mnned in flak^ and ^is tc^ par^rbj: washing). 

The alcohol bdng disj^led otf/ anaeaj^C a<»d^4epant!^ adcl^ou 
of water, in an oleaginons^ Btate> heooiajng ei]nst<dHne'^A»ar the com- 
plete evaporation of the alcohol.— It is tfana obtained as a white, 
crystalline, inodorous mass, of a .feebly wmmatic> and aA^^ 
burning taste ; it fuses at 26^ and sOU^es again at 

100 **, it has a peculiar odour and. is decomposed at 'mtol Hquid 
products, that have not been farther, examiued. It ’produces oily 
stains on paper; it Uqu^es gradually in tdie air, emitting an odour 
of rancid fat. Its alcoholic and ethereal solutions redden litmus-^ 
paper. 

Stadeler found its. composition to be impressed by the formula 
^32 ^ 7 ’ analyses of the salts of baryta and protoxide of 

lead showed it to be bibaaic, its true formula, therefore, being 
2HO,C^H3oO,. 

Anacardic acid forms with bases, compounds, some of which are 
crystalline, others amorphous; the neutral salts contain 2 eqs. of 
base, and the acid salts 1 eq, of base and 1 eq. of w^er. Most 
of them are partially decomposed at lOO**. Stadeler has examined 
the following : anacardate of poiaaaa and of ammonia; these are 
amorphous, saponaceous, soluble in water and separable from their 
solutions by salts. The. add potassa^salt has the formula KO, HO, 
Hg, Og. — Anacardate of time, 2 CaO, Hgo Oj + 2 HO, and 
anacardate of baryta, 2 BaO, Hgo white precipitates, 

becoming brown on desiccation. — Anacdtdpie of teequioxide of Won, 
2 FCjj O 3 , 3Ggg H 33 Og-pFeji Oy SHO-pSHO, is obtained, as a dark- 
brown, resinous precipitate, insoluble in water and alcohol, but 
soluble in ether, by mixing alcoholic solutions of sesquichloride of 
iron and of the acid, and adding ammonia, drop by drop. 3 y neu- 
tralizing the acid with, ammmtia, salts mom bask: are obtmned.-— 
The salta of y^fofosrufes ntoAef and Won are white, the aoM of 
prdtoxide of cobalt is wAd-^—Amoardate of protoxide of Jdid, 
2 FbQ, Cg 4 Hgg Og, is obtained by mixing hot. alcoholic, solutioim 
the acid and acefetc of protoxi^ of-lmd, in the form of a white 
granular precipitab^ becoming -yahow' and rancid m course of timti 
A dotdtle salt, anainrdate and acetate of protoxide of lead, is formed 
np<m mixjng the alcoholic solution of this acid, contmningmFdde- in 
a^ixture) first with'Water.untQ ;tod)idyby ensues, , mdv thieb widt an 
alcohbhc solutidn nf ac^te of .protoxide of lead. , . It is amorphous, 
but, on being dig^ted for a lengthened period with alcohol contain- 
ing acetic acid, it is depsited in lamii^ rcs^bling cholesterin. 
The analysis of this mmpouhd led fo..^ufoinh<^ 31)0^ Cg HsOfi: 


AnaewNUe 

•dd. 
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PliO, HO, C 44 Hgo O 5 . It is insoluble in water; upon being boiled, 
it splits up into acetic acid and the neutral salt ; ether dissolves out 
the acid salt, leaving the acetate of protoxide of lead . — Anacardate 
of protoxide of silver, AgO, HO, Hjq Og, is a white pulverulent 
substance, soluble in alcohol, and decomposed at 180®. — By treating 
anacardic acid with nitric add, it appears to yield the same products 
as other fatty acids, namely, suberic and butyiic acids. 

earaoic.~Cardole is contained, as above stated, in the liquid from 
which anacardic acid has been removed by hydrate of protoxide of 
lead. The solution contains, besides cardole, some of its products of 
oxidation, in combination with ammonia. In order to obtain this sub- 
stance pure, the solution is boiled with a little hydrate of protoxide of 
lead, filtered, and the alcohol distilled off. The dark sherry-coloured 
residue is cardole, not perfectly pure. Its concentrated solution is now 
mixed with water until it becomes turbid, an aqueous solution of 
acetate of protoxide of lead is then added, upon which the mixture is 
heated to ebullition, and mixed with tribasic acetate of protoxide of 
load, drop by drop, until the fluid has become almost colourless. The 
excess of lead is precipitated from the decolourized solution by sul- 
phuric acid, a portion of the alcohol is removed by distillation, and the 
concentrated liquid mixed with water, upon which cardole separates. 
It is a yellow liquid, appearing of a reddish colour when in large 
quantities, and probably colourless when pure ; when heated it acquires 
a slight and agreeable odour. Its spec. grav. is 0*978 at 23®. It is 
insoluble in water, easily |;oluble in alcohol igri ether, non-volatilc, 
inflammable, and absorbs oxygen slowly whdn exposed to the air, or 
more rapidly in the presence of tribasic acetate of protoxide of lead, 
becoming thereby dark. Its analysis leads tp>ihn formula c«n 3 ,o,. 
—Cardole combines with bases, but has onfy>a feji^ble affinity for them ; 
those metallic oxides, which part with their dxygen easily, arc reduced 
on fonning compounds with it* Neutral acetate of protoxide of 
lead is not precipitated by cardole ; basic salts of lead yield precipi- 
tates easily soluble in alcohol, dhd tecolning rapidly flesh-coloured 
and then red-brown, when exposed to^^b air, in the moist state. A 
Carefully prepared compound’ of this kind was found, by analysis, 
to agi^ with the formula Pb 6 , H 3 O 3 -I -8 PbO, 0^. 

Protoxide of lead is continually removed from this combination, by 
wasliing it with water. — ^By the action of nitric acid upon cardole, or 
of oxygen japon its solution in potassa, red products of oxidation arc 
obtaine^i^ntaining apparently different amounts of* oxygen. The 
analysitff^ tfad l^^ompound of one of these substances, pro- 
duced by the cbdfvmucd action of air upon an alkaline solution 
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of cardole, gave, on analysis, numbers agreeing with the formula cawiote. 
3 PbO -f 2 HgQ O 7 . According to 'this, cardole would appear to 
have parted with 1 eq. of water, ^nd assimilated an amount of oxygen 
equal to that it originally contained. The mixture* of anacardic 
acid and cardole, extracted from the fruits of anacardium, owes its 
red colour to the presence of these products of oxidation, which are 
contained therein as ammonia-compounds ; old and crippled fruit 
appears to yield more of these substances Ijian the sound and vigorous 
specimens. 

Stadeler also brings cardole into notice as a medicinal agent j he 
states that it equals the expensive cantharadin in the rapidity of its 
action, and that the effect produced is of longer duration. For 
medicinal pui*poses. this substance is not required perfectly pure ; it is 
only necessary, for its preparation, to exhaust the fruit, after removal 
of the kernels, with alcohol, to digest the extract with hydrate of 
protoxide of lead, until all acid reaction has disappeared ; to remove 
the alcoliol from the filtrate by distillation and to mix the residue with 
water in a cylindrical vessel, when the cardole will separate as an oily 
layer on the surface of the liquid. — On spreading a little cardole on 
the skin, f. i., of the chest, and covering the spot with some blotting* 
paper, a violent burning sensation will be felt, after from three to 
«ven minutes ; a white spot is first formed, and after from six to 
eight hours, a blister, which heals slowly and without any disagree- 
able consequences. 

Uric Acia. — In a former investigation of uric acid and its com- 
pounds with bases, Bensch(l) showed that this acid is represented 
by the rational formula HO, Cg H Ng Og, and that it forms neutral 
salts with potassa and soda, in which the water of hydration in the 
acid is replaced by 1 eq. of alkali ; he determined, moreover, by accu- 
rate experiments the composition and the solubility of a scries of 
acid urates. He has now continued this investigation in conjunc- 
tion with J. Allan (2), and has succeeded in preparing also the 
neutral compounds of uric acid witl the alkaline earths and likewise 
with protoxide of lead. We give here the results of these researches 
in a synoptical form (UrssCg H Ng Og). 


(1) Ann. Ch. Pharm. LIV, 189. 


(2) Ibid. LXV, 181. 
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potftssa-salt. . KO, '^U Neutral strontia-salt . . SrO, U, 2 HO 

Add potassa-salt . . KO, 2 fj, HO Add airontia-aalt • SrO^ ^ ^ 

Neutr.Boda.8Blt at 140^ NaO» U . Neutral baryta.8alt . . BaO, U» HO 

Addsoda-saltat 100». NaO, 2y»2HO „ ,, at 170^ BaO, U 

„ „ „ 170®. NaO, 2U, HO Add bary ta-aalt . . . BaO,2U,3HO 

Add ammonia-salt . . Nn 40 , 2 IJ, HO Neutr. lead-salt . . . PbO, U 

Addmagne8.-8altatl00® MgO, 2U,7HO Add lead-salt . . . . PbO,2U,2HO 
„ „ „ 170® MgO, 2 U, 2 HO Copper^salt dried over _ 

Neutral lime-salt • . GaO, U SOg .;.... 3CuO,2U,5HO 

Add lime-salt . . . CaO, 2"u, 3HO » » at 140® 3 CuO> 2 U, 2 110 


1 part of the following salts requires for solution as an average : 


* 

Cold. 

BoUg. 

Uric acid 

. 14500 

1850 

Neutral urate of potassa . 

44 

35 

Acid „ „ ,, . 

. 790 

75 

Neutral uraie of soda . , 

77 

85 

Acid „ ,1 ,1 . 

. 1150 

122 

Acid urate of ammonia . 

. 1600 

— 


Neutral urate of baryta 

Cold. 

7900 

Boilg. 

2700 

Acid ,, 1 , , ■ 

insol. 

insol. 

Neutral urate of strontia 

4300 

1790 

Acid ,, . . 

5300 

2300 

Neutral urate of lime . 

1500 

1440 

Acid „ . 

603 

276 

Acid urate of magnesia 

3750 

160 


Neutral urate of potassa separates in fine crystalline needles when 
potassa^ free from carbonic acid^is saturated in the cold with uric aeid^ 
and evaporated in a retort ; it is caustic to the taste^ attracts car- 
bonic acid from the air^ and is decomposed by boiling with water. — 
The corresponding soda-salt is obtained in hard warty crystals 
by a similar process. — The add potassa- or soda-salt precipitates 
when carbonic acid is passed into a solution of uric acid in 
caustic alkali. Both are perfectly neutral^ and do not absorb car- 
bonic acid ; their solutions arc preci[u|||g;ed by chloride of ammo- 
nium and the bicarbonates of the •^Mies, by salts of baryta, 
protoxide of lead and protoxide of silvcr*r— iVctt/rn/ urate of am- 
monia does not appear to exist; Bensch and Allan always ob- 
tained an acid salt^ presenting itself sometimes in the form of a 
white, hardi * amorphous mass, sometimes in fine needle-shaped 
crystals, Which dried up to a ll^ht powder. By long boiling with 
water, which is frequently renewed, it is decomposed with loss of 
the whole of its ammonia. Dry uric acid does not increase in 
weight in an atmosphere of dry aUimoniacal gas; if, however, 
the acid be evaporat^ with an excess of ammonia-solution it takes 
up just as iivttch* 9 f the latter (100 parts of acid 10*17 ammonia) 
as ‘Corresponds to the acid salt.*— The preparation of neutral urate 
of magvisia, as .well as of double salts thereof with the ammonia- 
potassa- or soda-salt could not be effected, a mixture of the acid 
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salt with hydrate of ma^esia beiug always obtained. Acid urate •****• 
of magnesia separates ‘after several hours in warty groups of 
satiny crystals, on mixing a hot saturated solution of the acid 
potassa-salt with sulphate of magnesia . — Neutral urate of lime, 
baryta and strontia may<be readily obtained in a state of perfect 
purity by boiling the aqueous solutions of these bases wil^ uric 
acid, or by mixing their soluble salts with neutral urate of potassa, 
with the precaution, however, of boiling the solution of the latter 
salt previously with a small quantity of the baryta- strontia- 
or lime-salt employed, and filtering off the resulting precipitate 
which consists chi^y of carbonate of the alkaline earth. These 
neutral urates are either crystallized in stellar groups of needles 
(strontia-salt), or they form opaque, gi^anular masses devoid of crys- 
talline structure (baryta- and lime-salt) ; they are not decomposed by 
water, their solutions have an alkaline reaction, and readily absorb 
carbonic acid from the atmosphere. The acid salts of the same 
bases are amorphous precipitates, which arc formed by mixing 
acid urate of potassa with the soluble salts of the alkaline earths. 

— Neutral urate of protoxide of lead is obtained as a perfectly 
white, amorphous precipitate, insoluble in water and alcohol, by 
dropping a dilute solution of neutral urate of potassa into a 
likewise dilute boding solution of nitrate of protoxide of lead, 
with the precaution of ^ l^he yellow precipitate which 

is first formed. With ad^^Kof leud a compound containing 
acetic acid is obtained .— urate of protoxide of lead is 
a white, friable powder, insoluHl%in water, alcohol and ether. 

Its existence speaks much in favour of the bibasic nature of uric 
acid, whose true formula would then be 2 HO, 

The copper-salt, precipitated on mixing the acid potassa-salt with 
sulphate of pi;o||Kide of copper, is green and contains potassa, 
whic];^ is separaiw «nly on eWllition in the form of the acid salt ; 
by boiling, the turns brown, and by drying, violet. — 

Neutral urates wi^lieavy nnitallifi oxides other than protoride 
of lead cannot be obtained pure ; salts of protoxide of silver 
produce immediately a black precipitate with neutral urate of 
potassa. 

Becomposltloii of ITiic Aclil toy Ferrlcyanlile of Potasslam ami 
Potassa. — Schlieper(l) has published investigatioue upon the oxida- 
tion of uric acid by means of ferricyanide of potassium and potassa. 

To a lukewarm solution of uric acid in an amount of solu- 


(1) Ann. Ch. Pharm. LXVII, 214; Chem. Gaz. 1849, 1. 
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ti(m of potassa somewhat larger than necessary^ for the formation of 
neutral urate of potassa (2 KO, Cjo N4 ^4 64), alternately ferri- 
cyanide of potassium (which is directly converted into ferrocyanide 
of potassium) and potassa^ were 'gradually added until a complete 
decomposition of the uric acid was effected. Addition of potassa 
is necessary to reconvert the acid urate of potassa, which sepa- 
rates, into the neutral salt which is more soluble. The resulting 
alkaline liquid,*^ smelling feebly of ammonia, and containing along 
^ith an excess of potassa, ferrocyanide of potassium and the product 
of decomposition of uric acid, was almost perfectly neutralized 
with sulphuric acid, (when much carbonic acid was evolved), and 
evaporated by boiling (when the odour of ammonia was .constantly 
perceived). The greater part of the ferrocyanide of potassium 
belh^ thus separated by crystallization, the remaining mother- 
liquor was farther evaporated, and treated with alcohol, by which 
f^Mcyanidc of potassium and sulphate of potassa were thrown down. 
The precipitated salt-mass, repeatedly boiled out with alcohol, 
yielded a soluj^iou from which crystalline crusts of an organic 
compound were separated on evaporation, a viscid potassa-syrup 
remaining behind, which even after long standing exhibited only 
traces of hxi mdefinite crystalline appearance. — Another portion of 
uric acid was treated in a similar manner, with the difference 


only that^ the product was neutralize^ with acetic instead of sul- 
phuric acid; after the greater poi^]on of the ferrocyanide of 
potassium had been separated by crystallization, the remaining 
mother-liquor was precipitated with alcohol ; the alcoholic filtrate 
in this instance gave no ciystals, but only the viscid syrup, 
from which the acetate of potassa which it contained was 
ren^ved by treatment with absolute alcohol. The residuary salt- 
mass, insoluble in alcohol, was now dissolved ^ in water, the 
solution.; ^heated, and the ferrocyanicte of potassium precipitated 
by^ ^alkpit excess of acetate of copper; in the filtered solu- 
tion |TOcipitatc of neutral oiCalatdfeof potassa was produced on 
addition of alcohol. — ^The above-mentioned crystdline organic com- 
pound;,"after having been purified by recrystalliBation from water, was 
fouffd to be allantoin both by its reactions and by analysis. — ^The 
viscid S]u*up readily dissolved in water, and was reprecipitated from 
this^lution. by d^olute alcohd, in the fornf of white fiakes, which, 
after, separation fron^the liquid, ^ickly deliquesced when exposed 
to ^^4., The aqueous solution was treated with acetate of protox- 
ide^of leiA^^djltll^ra^ oxalate filtered off, when upon addition 
of ammema^free mrh carbonic acid, a white, curdy, lead-compound 
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was thrown down, containing variably proportions of lead, in which 
(when dried at 100 ®), an organic compound is present, having the 
composition Cg H 4 Og, To this substance Schlieper gives the 
name, lavdanwrio add. If the syrup be dissolved in a small 
amount of water, sulBElcient spirit of wine being added to cause a 
sli^t turbidity which is again redissolved on addition of a few 
drops of water, crystalline crusts -are very slowly separated from 
this liquid, which ceases to have an acid reaction ; when purified by ' 
rc-crystallization, they were found to be acid lantanurate of potassa, 
KO, Cfl Nj H 4 Og-f HO, Cfl Na 0^+4 HO, (4 HO are evolved,at»^ 
100 ®). Lantanurate of protoxide of silver appears to be decomposed 
by drying at 100®, 8 HO being evolved from the acid ; the salt 
becomes converted into AgO, N 2 H Og. 

, Schlieper considers alantoin and carbonic acid as the essential 
products of decomposition of uric acid when treated with fei^icyanide 
of potassium and potassa. 2 equivs. of uric acid (C^q H^ O 4 ), 

2 equivs. of fcrricyanide of potassium, 4 equivs. of potassa, and 
2 equivs. of water, yield 4 equivs. of ferrocyanide of potassium, 

2 equivs. of carbonate of potassa and 2 equivs. of allantoin. Urea, 
which he once found in small quantity among the products of desom* 
position, and a red body adhering strongly to the allantoin, he 
considers as secondary products. 

If allantoin be allowed to remain some time (one or two days) 
dissolved in coneentrated potassa, it ceases to be precipitated by 
acids ; when boiled, the solution yields only a very small quantity of 
ammonia and no trace of oxali^ acid. 2 equivs. of allantoin have 
assimilated 2 equivs of water, and become converted into an acid, 
hidantoic add. The alkaline solution, when treated with acetie acid 
until it assumes an acid reaction, and subsequently with alcohol, 
becomes milky, hidantoate of potassa being separated as a colourless 
oily fluid ; this salt could not be obtained in the crystalline state. — 
The liquid supersaturated, as above mentioned, with acetic acid, 
yields with acetate of protoxide of lead, after a short time, a white 
precipitate, having, when dried at 100 ®, the composition PbQ, 
Cg N 4 Hg Og. The acid separated from the lead-salt .by hydro- 
sulphuric acid, was likewise uncrystallizable ; it could be obtained 
only in the form of a syrup, which, on addition of alcohol, is corf- 
verted to a white, friable, readily deliquescent mass f the evaporated 
acid, when treated with colH pc^assa-solution, etolves ammbnia; 
it yields no precipitate with baryta- and lime-water, but upon 
addition of alcoho]^ thick white flakes are separated; wh'On neu- 
tralized with ammonia, it gives with chloride ofsbariOm'a' white 
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precipitate; hidantoic acid does not expel carbonic add from carbo- 
nate of soda; on beating a solution of the acid in ammonia^ the 
latter is evolved on evaporation in the water-bath ; hence the acid 
is decomposed during evaporation, as was afterwards confirmed 
by the andysis of a silver-salt prepared with such an acid (which 
contained 2 Ag to 5 N). 

Hlppnrie Ada. — ^For the rapid preparation of hippuric acid, 6re- 
gory(l) recommends to treat fresh urine of horses or cows with an 
excess of milk of lime, to strain, after a few moments^ ebullition, the 
hot liquid, to reduce by boiling the clear solution of hippurates 
as quickly as possible to from 4 - to tV (according to the concentra- 
tion of the urine) of its original volume, and to supersaturate with 
hydrochloric acid; after cooling, a considerable crystallization of 
reddish or yellowish hippuric acid is obtained. (Experiments made 
in the Oiessen laboratory have proved this process to be very 
excellent). 

According to Strecker(2), a solution of hippuric acid in concen- 
trated nitric acid, when treated with binoxide of nitrogen, evolves 
nitrogen, the acid Cjg Hg Og being obtained, of which hippuric acid 
may be considered to be the amidogen-compound. The acid thus 
prepared, containing no nitrogen, dissolves readily in ether; the 
baryta-salt crystallizes in satiny needles, readily soluble in water; 
the silver-salt, AgO, C^g O^, dissolves pretty freely in boiling 
water and crystallizes, on cooling, in fine needles ; when subjected 
to the action of heat, it evolves oil of bitter almoodR 


Amtaes, Nitriles, Anlliaes, ana Collateral Matters. — We 

here arrange, in a separate chapter, a class of compounds which may 
be considered as derived from ammonia, or organic bases, by the 
elimination of water. Thus, the amides (salts of oxide of ammonium 
— 2 HO), and the nitriles (salts of oxide of ammonium — 4 HO), 
are derived from ammonia-compounds; corresponding derivatives 
have been obtained from aniline and naphthalidine. 

Amiaes. Phosptaamiae. — Incidentally to H. Rosens investigation 
of a coiii)pound of phosphorus with nitrogen, Liebig and Wohler(3) 
published some observations upon the products of the action of 


ft) Chem. Soc. Mem. Ill, 330} Phil. Msg. [3] XXKl, 187} Ann. Ch. Pbsrm. 
ini, 125 i J. Pr. Chem. XLII, 40. 

(2> Ann. Cb. Pharm. LXVIII, 54. 

(3) Ibid. XI, 139. ^ 
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ammonia-gas on pentachloride of pbosphoras as tffe results of a 
fragmentary investigation, which, without claiming any degree of 
accuracy, were nevertheless calculated to afford some assistance to 
future inquirers. They found that one of the products thus obtained, 
when treated with water, pelded as residue an insoluble body, whose 
composition is expressed by the formula P N.j and that, 

together with this compound, anotheraproduct, of the appearance of 
camphor, was always produced. — Oerhardt(l) regards the product, 
which is insoluble in water, as P N 2 Hg Og (which formula, excepting 
hydrogen, requires almost exactly the same percentage as Li^g 
and Wohler's formula P Ng Hg Og), t. e., as a compound wmch 
stands in a similar relation to phosphate of ammonia as do the amides 
to the salts of ammonia (2 NH 4 , 0, HO, POg — 6 HO=P Ng Hg O 2 ) ; 
and hence the name which he proposes, phoaphamide. The forma- 
tion of the camphor-like body is not explained by Gerhardt's mode 
of viewing; he considers its production as accidental and imma- 
terial. — In support of his view, Gerhardt( 2 ) adduces that, the body 
which he regards as phosphamide, completely dissolves in dilute 
sulphuric acid when gently heated, without evolution of gas, and that 
the thick syrupy solution yields crystals of bisulphate of ammonia, 
while the mother-liquor contains phosphoric acid. 

suiphocariiaiiiide. — If bisulphide of carbon be placed in contact 
with a large mass of ammonia-gas, the bottom of the vessel, accord- 
ing to Laurent(3), will be covered, within twenty-four hours, with a 
yellow deposit, which, when observed under the microscope, is 
resolved into a mixture of crystalline needles, and a yellow amor- 
phous substance. By the action of heat, this mixture evolves hydro- 
sulphuric acid and several other substances; when dissolved in 
water and treated with hydrochloric acid, to expel the hydrosulphuric 
acid, it assumes a blood-red colour with sesquichloride of iron. 
Laurent concludes, that bisulphide of carbon gives with ammonia 
hydrosulphuric acid and sulphocarbamide, identical with hydrosulpho- 
cyanic acid (2 CSg -h NHg = 2 HS + Cg N Sg H) ; the hydrosulpho- 
cyanic acid yields with ammonia, sulphocyanide of ammonium, while 
hydrosulphuric acid combines either with ammonia or with bisul- 
phide of carbon and ammonia, to form hydrothiocarbonate of am- 
monia (sulphocarbonate of ammonia). 


(1) Ann. ch. Pbys. [3] XYIII, 188 $ ^pmp, UcrzcUus’ Jtthrssber. AXYII, 

( 2 ) Ibid. XX, 255 5 J. Pbarm. [3] XI^ 457. 

(3) Ibid. XXII, 103 ; J. Pr. Cbcm. XLIV, 162. 
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ketMetamM^, AeetaitfRe, ▼•lenuiMe.— Damas, Malaguti and 
]ieblanc(l) found, that metacetonate of oxide of ethyl, in contact 
with liquid amqiQqia, is quickly converted into nte/acelamM^. Aceia- 
mwfe, C 4 Hg N Og, was obtained in - a similar manner from acetic 
ether; U is solid, white, crystalline, and deliquescent, fusible at YS", 
and yields, on. cooling, beautiful o^stals ; it boils at Vale- 

rataide is prepared in the same manner as butyramide(2). They find 
that the amides of the acids 0 ^ U„ O 4 , when acted upon by potas- 
sium at a gentle heat, ^ve rise to an evolution of gaa and to the 
fooiation of cyanide of potassium. With regard to this reaction, 
tniy remark that these amides, Cg 0, N, may be viewed as con- 
sisting, of hydrocyanic acid, H, C^N, and an alcohol, C„_aHnOaj 
they did not succeed, however, in proving the pre-existence, f. i., 
of pyroxylic spirit in acetamide. The amides of other acids, f. i., 
benzamide and cuminamidie, yield no cyanide of potassium when 
treated with potassium at their fusing temperature. The formation 
of cyanide of potassium in the decomposition of benzamide by means 
of potassium, as observed by Liebig and Wohler, they consider as 
the result of a secondary rcactiqp. — ^itt a later period(3), they 
communicated the fact that the conversion of ethers into amides, 
which in many cases is extremely slow, when taking place at the 
common temperature, may be remarkably accelerate^ 
the experiment in sealed tubes, at a tempera|tue higher than 100 *’. 

Ctalorocarbethamide, Chloiwcetaa|)|||^.iii;i^ to Ger- 

hardt(4), chlorocarbethamide, pro^^i^y the action of. ammo- 
nia upon chlorinated carbonic ethe#, wm^' composition, according 
to Malaguti’s( 6 ) jnves^gation, is represented by the formula 
Cio Hj CI 7 Nj Og, is, in all its properties (the composition, however, 
was not examined), identical with chloracetamide ; he states that the 
former likewise has the composition 0*19, Clg N O 3 . Malaguti's 

(1) Compt; Rend. XXV, 656. 

(2) Dessaignes and Chautard commuiucatep tttat ijk a mixture of Talerianic ether 
mth- seven or eight times its volume of concentratod Jmlution of ammonia, which was 
^uently agitated, the ether disappeared after foiir summer-months. By evaporation 
at a’geirtle heat, valmmide, Cio Hj, N 0^ was obtaii^ in long, Plicate, brilliant, crys- 
taflihe plates. Valeramide, according to their Statebieiits^ is readily soluble in water, 
fusible above 100^, Bubliming almost completely 'at the same temperature; only by 
boiling with caustic potas’sa, is ammonia evolved from it. (J. Pharm. [3] XIII, 244 ; 
J. Pr. Chem. XLV, 48; Ann. Ch. Pharm. LXVIII, 333.)— A. W. Hofmann obtained 
valeramide in the same manner (Ann. Ch. Pharm. LXV, 56). 

(3) Compt. Rend. XXV, 734. £ 

(4) Ibid. XXII, 116; J. Pharm. [3] XIV, 233. 

(5) Comp. Bejraeliua’ Jahresber. XXVI, 760. 
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chlorocarbethamate of ammonia, for which he found the com- betiSi^e 
position, NH^ 0, C^q Hgtjly Og, according to Qerh?irdt, is 
NH 4 O, C^ClgOg, chloracetate of ammonia.~MaIaguti(l) admits 
that chlorocarbethamide, prepared by means of aqueons ammonia, 
is identical with chloracetamide, but not fthe substance obtained by 
ammoniacal gas, whose composition, hOweVer, might be represented 
by the formula, Cj^ Hg CI 7 Nj O 4 . Malaguti states that he also 
found that the product obtained by the action of ammonia upon 
chlorinated oxalic ether, and named ehloroxethamide, is likewise 
chloracetamide, and *^expres 8 e 8 the opinion, that although all cogi- 
pound ethers whose hydrogen is entirely replaced by chlojrine, when 
treated with aqueous ammonia, will probably yield chloracetamide, 
some of them, when acted upon by anhydrous ammonia, ^ve rise to 
the formation of other products. — Oerhardt(3) has now found that 
chlorocarbethamide, even whmi obtained by anhydrous ammonia, 
has the same properties as chloracetamide. 

Anisamide. — ^According to Cahours(3), chloride of anisyl (p. 413), 
when in contact with ammonia-gas, evolves much heat, and yields 
anisamide, which crystaUizes from alcohol in beautiful prisms. It 
is likewise obtained by the treatment of anisic ether with ammonia. 

Its composition is Cjg Hg N O 4 ; 

Cuminamide. — According to Field(4), a solution of cuminic acid 
in strong liquid ammonia, when evaporated to drynei^s and heated, 
evolves ammonia, while cuminic acid sublimes, another portion of 
the salt being converted, with separation of water, into a white 
crystalline body, difficultly soluble in water, and subsequently into 
an oil (cumonitrilc, comp. p. 458), which has a very powerful odour, 

(by experience only, the temperature can be so regulated as to 
produce the one or the other of these two bodies). The white 
crystalline body is cuminamide, Cgg Hjg N O 3 = NH^ O, CgQ Hu O 3 
— 2 HOi It may be likewise obtained by gradually heating cumi- 
natc of ammonia in a strong, sealed, glass tube, in an oil-bath, to 
near the boiling-point of the oil ; when cold, the mass is solid and 
crystalline, insoluble in cold Water and ammonia, but very soluble in 
hot water, from which solution it crystallizes on cooling. By 
recrystallization from hot water (to which some ammonia is added. 


(1) Compt. Rend. XXVII, 188 j J. Pharm. [3] XIV, 289. 

(2) Ibid. XXVII, 238 ; J. Pham. [3] XIV, 291. 

(3) Loc. cit. p. 452. 

(4) Chem. Soc. Mem. Ill, 404; Phil. Mag. [3] XXXI, 459; Ann. Ch. Pharm. LXV, 

45 ; J. Pr. Chem. XLIV, 136 ; J. Pharm. [3] XIII, 225. . ^ 
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acid which may be present) 
baniinamide, when rapidly sepai^ted &dm a concentrated solution^ 
b obtained in brillianf^ white, tubniar erjrntals, similar to those of 
benzamide; when crystalhzed slowly Irom a dilute solution, , it 
presents the form of long, opaque needles. It is soluble in every 
proportion in cold and warm idcohol, and is decomposed only with 
difBiculty, by long ebullition with mineral acids, or strong potassa* 
solution, like the amides in general. 

witrobenzamiiie. — -By long fusion of nitrobenzoate of ammonia. 
Field obtained a substance, insoluble in cold water and ammonia, 
but crystallizing from its solution in hot water, in beautiful yellow 
needles, which was found to be nitrobenzamide, Hg (NO^) NOg. 
The fusion must be conducted with great care, for nitrobenzoate 
of ammonia readily explodes when strongly heated. 

Chiorotoenzamide.— A chlorobenzoic acid,* of uncertain composi- 
tion, containing either, HO, H3 Cl^ O3, or HO, C14 Hg CI3 O3, 
when converted into an ammonia-salt, and then treated in the manner 
above-mentioned, yielded to Field a product insoluble in cold water 
and ammonia, and crystallizing from the hot aqueous solution in 
long needles; chlorobenzoic acid, HO, H^ Cl Og, prepared on 
purpose, when combined with ammonia and heated, blackened, with 
separation of carbon. 

On chloroniceamide, comp. p. 407 . 

Phtaiamle Aeld. — ^According to Marignac(l), anhydH^ phtalic 
acid (C10 H^ O3), when acted upon by ammonia^is lonverted 
into phtalamide (C13 H^ NOg). Respecting this reaction, Lau- 
rent( 2 ) makes the following observations. If anhydrous phtalic 
acid be dissolved in hot alcohol, and then treated with ammonia, 
small, colourless prisms separate on cooling, whose ends are ter- 
minated by two planes; they are readily soluble in water, when 
dissolved in a small portion of that solvent, mixed with alcohol, 
and subsequently with bidhloride of platinum, a precipitate of 
bichloride of platinum and ammonium is formed immediately; the 
filtered solution, when boiled with excess of bichloride of platinum, 
yields an additioniU precipitate of the platinum-salt. The above- 
mentioned ci^tals are the ammonia-salt of a new acid, phtalamic 
Mcid, and haMs the compontion, NH^O, H^NO^; the first preci- 
pitate produced by bi^bride of platinum, contains the ammonia 
of the salt, and "upon ebulUtion the nitrogen of i;he acid is 

(1) Ann. Ch. PharmrXLII, 215; Berzelius’ Jahresber. XXlll, 542. 

(2) Ann. Ch. Phys. [3} XXIII, 117 ; J. Pr. Chem. XLV, 174. 
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likewise separated in;, the forfii of the ammpiiiuni dcnible compound. 
If phtalamate of aminoiiia be predpitated mth acetate of protoxide of 
lead, and the precipitate decomposed by i^drosulphunc a.ci^^ 
liquid, when evaporated, yields crystals of biph^aniate of am- 
monia; hence, phtalamic acid, H^N Oq, absorbs, during eta- 
poration, 2 equivs. of water. By addition , of a concentrated 
solution of nitrate of protoxide of silver to a boiling alcoholic 
solution of phtalamate of ammonia, a large quantity of fine 
needles of phtalamate of protoxide of silver, AgQ, Hg NO5, 
are formed, after some minutes; by boiling water these crystals 
are decomposed with formation of brilliant plates, which Laurent 

considers to be phtalamide silver-ammonium Ciq ^ N O4. 

If nitrate of silver be added to a boiling alcoholic solution of phtala- 
mide, no precipitate is formed ; but after addition of ammonia a 
precipitate is produced, sometimes crystallizing in plates, and some- 
times in the form of a powder; this latter compound Laurent 
believes to be phtalimide-silver (C^g Ag N O4. 

Action of Hydrosulpimrle Acid on Hydramldes. — ^The experiments 
of Liebig and Wohler upon the action of hydrosulphnric acid on. 
aldehyde-ammonia (comp, thialdine) induced Cahours(l) to in- 
vestigate' the deportment of this acid with the class of compounds 
designated by Oerhardt, as hydramides. — If a current of hydro- 
sulphuric acid be passed through an alcoholic solution of hydro- 
benzamide, the liquid becomes rapidly turbid, a perfect decompo- 
sition taking place if an excess of hydrosulphuric acid be employed ; 
no sulphur, however, is deposited. The liquid when allowed to 
stand for some time becomes clear, and contains sulphide of am- 
monium ; the precipitate which deposits, when washed with alcohol, 
forms a white farinaceous powder, which is Laurent^ s hydrosul- 
phobenzoyl [C42 Hjg Ng -f 8 HS = 3 (C,4 Hg Sg) + 2 NH4 S]. — 
When treated in a similar manner, hydrocinnamide yields a product 
Cjg Hg S.2 (Gahours terms it thiocinnole)^ and the compound 
Cjg Hg 82 O2 hydranisomide (thianisole). Both have the same ap- 
pearance as the substance obtained from hydrobenzamide. — Fownes^ 
furfuramide C30 H12 Ng Og, yidds with hydrosulphuric acid a yel- 
lowish powder H4 Sq Qg, which Gahours, referring to its 
analogy with furforole (Gjo H4 O4), has designated tkiofurfole . — 
Hydrosalamide, in alcoholic solution, when treated with hydrosul- 
phuric acid is converted into a similar powder, imparting a violet-red 


(1) Compt. Reod. XXV, 4^7. 


Phtalamic^ 

asid. 
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colour to salts of sesquioxide of iron ; it is capable of combining with 
wThydS? alkalies, in the same manner as hydride of salicyl (salicylous acid) ; 
mides. and contains a large quantity of sulphur. Cahours believes that 
it is the latter compound, in which half the oxygen is replaced 
by sulphur, O^. — Cahours recalls the fact, that Lau- 

rent pointed out the formation of hydrosulphobenzoyl by the 
action of sulphide of ammonium upon an alcoholic solution of oil 
of bkter almonds; he himself shows, that thiocinnole and thianisole 
may be formed likewise by acting with sulphide of ammonium 
upon an alcoholic solution ^of cinnamon oil and hydride of anisyL 
By similar treatment of cumin oil a resinous body containing 
sulphur is obtained which is difficult to purify, and whose com- 
position approximately corresponds to the formula C20 Hi2 82- 
RitrUcp. — Frankland and Kolbe(l) regard the class of bodies 
designated by the name nitriles, as cyanogen-compounds (benzo- 
nitrilc ^0^4 N, f. i., as cyanide of phenyl Hg Cy), in which 
the cyanogen, just as chlorine in chloride of ethyl, cannot be 
ascertained by the usual reagents. They endeavour to support their 
view by pointing out that the boiling’* points of valeronitrile 
(Cjo Ug N ; 126 ®), and cyanide of amyl (Cjg N ; 146 ®) differ 
by the number of degrees, characteristic of antdogous substances 
exhibiting a difference of Cg H2 in their composition, and that 
hydrated metacetonic acid and cyanide of ethyl, hydrated vale- 
rianic acid and valeronitrile, hydrated caproic acid and cyanide of 
amyl, and, lastly, hydrated benzoic acid and benzonitrile show 
nearly the same difference in their boiling-points. ^ 

AcetonitrUe. — ^Dumas{ 2 ) has arrived at the same view. He 
found^^44lMk^ the action of anhydrous phosphoric acid upon 

cryi irtjlifcidi ^1 [ of ammonia, a liquid passed over on distdla- 

l>y digestion with a saturated solution of chloride of 
eidatl^R Bud rectification over fused ohloride of calcium and 
iEfa^esia, is obtained* in a state of perfect purity; it boils 
at 77 ®, and is miscible with water in all proportions. Its 
composition is G4 H3 N {acetofiitrOe, acetate of oxide of ammo- 
nium — 4 equivs. of water) ; 1 equiv. of this substance in the state 
of vapour occupies 4 vols. ; by its reactions it»may be regarded 
aa cyanide of methyl (G2 H3, G2 N). When boiled with a solution 
of potassa> this compound evolves ammonia, acetic acid being re- 
produced; chromic acid and boiling nitric acid have no action 
upon it. Potassium, even in the cold, acts very violently upon it. 


(\) Loc. dt. p. 418. 


(2) Compt. Rend. XXV, 383. 



AMIDES, NITRILES, ANILIDES. 


467 


heat being evolved, while cyanide of potasdiini is produced, and 
an inflammable gaseous mixture,* consisting of carburetted hy- 
drogen, and free hydrogen is disengaged. Dumas mentions that 
benzonitrile, discovered by Fehling, arising from benzoate of oxide 
of ammonium, likewise by the loss of 4 equivs. of water, may 
also be prepared by distillating the benzoate with anhydrous phos- 
phoric acid. Dumas considered it probable, that the ammonia- 
compounds of volatile 'acids NH4O, O3 generally might 

give rise to the formation of ethereal cyanides O, C^N 

from which the alcohols ^2 ^^gbt be prepared (n repre- 

senting invariably an even number). 

ciiioracetonitrtie. — Dumas has pursued this invesfigation in con- 
junction with Malaguti and Leblanc. They found(l), in the first 
place, that chloracetate of oxide of unEnoniuiu, NH^ O, C4 CI3 O3, 
in an analogous manner, yields a liquid compound C4, GI3 N 
(chhr acetonitrile) i which has a spec. grav. of 1*444, boils at 81^, 
and in the state of vapour exhibits a condensation to 4 vols; 
with potassa it regenerates choracetic acid; it is also produced by 
the action of anhydrous phosphoric acid upon chloracetamide. 
Butyrate and valerianate of oxide of ammonium, by losing 4 equivs. 
of water, are converted in the same manner into analogous com- 
pounds, which, when treated with hydrate of potassa, again yield 
the original acids. The action of potassium gives rise to the 
formation of cyanide of potassium, *and a mixture of hydrogen 
with a carbohydrogen, the condensation of which increases with the 
value of n in the formula of the acid employed (the acids being 
generally represented by O4). They point out that the con- 

version of oxalate and formiate of oxide of ammonium into cyanogen 
and hydrocyanic acid (in both instances by elimination of 4 equivs. 
of water) are absolutely analogous cases, — Moreover(2), they have 
proved, that acetonitrile and cyanide of methyl are identical {see 
p. 421), and, that the ethereal cyanogen-compounds C2 N 

when treated with hydrate of potauBsa, are decomposed not in the 
same manner as the other com^und ethers, with formation of an 
alcohol (CnH^^+gOg); but, with production of an acid Cn+2Hn+204 
and evolution of ammonia. They state, in addition, that butyramide 
and benzamide, similarly to the corresponding ammonia-sidts, are 
likewise converted into nitriles by the action of anhydrous phos- 
phoric acid, and tRat benzonitrile exhibits with potassium a de- 
portment differing from that of the nitriles of the acids O4, 


(1) Compt. Bend. XXV» 442. 


(2) Ibid. XXV, 473. 
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®rt 2 w!d inasmuch as neither any cyanide is formed^ nor gas evolved. — 
I^tly, they have shown the conversion of acetamide^ metaceta- 
mide, butyramide^ and valeramide into the corresponding nitriles^ 
by the action of anhydrous phosphoric acid(l). . 

Bufyrenisme aau Valerenltrlle. (Cg H 7 N}^ or 
cyanide of metacetyl (Cg N) is an ^y liquid of an agreeable 

odour^ reminding one of bitter-ahnond»oil> of a spec. grav. 0*795 at 
12*6^ and a boiling*point of 118*^5; with potassium it yields cyanide 
of potassium^ hydrogen and a new carbohydrogen. Valeronitrile 
(Cio Hg N), or cyanide of butyryl (Cg Hg, Cg N) is identical with 
the substaj^ce first described by Schlieper under the former name^ 
and comports itself with potassium similarly to the preceding com- 
pounds (comp, also Decomposition of casein^ &c., by sulphuric acid 
and bichromate of potassa^^). -' 

According to A. W. Hofmann( 2 ) nitriles are not- formed on 
distillation of acetate^ butyrate^ or valerianate of . ammonia. He 
obtained^ however, butyronitrile and valeronitrile by passing the 
vapour of butyramide and of valeramide through a red-hot tube 
filled with lime. The formation of nitriled by this method, accord- 
ing to Hofmann, succeeds only with difficulty, and he believes that 
Dumas^ method of preparation by means of anhydrous phosphoric 
acid is preferable. — Laurent and Chanciil|[ 8 ) have likewise found, 
that by passing the vapour of butyrml^e (Cg Hg NOg) over 
caustic baryta heated to dull i^dness, a tiBtti^arent colourless liquid 
is obtained, which is butyronitrile OgJi^^. They consider this 
method of preparing the nitriles in miKny cases more advantageous 
than the former. Benzoate . of ammonia when treated in this 
manner gave only benzole. 

cumonitrue. — If cuminate of ammonia be heated to fusion, and 
the melted mass retained in a state of lively ebullition, according 
to Field(4), a yellowish oil distils over with water; as soon as 
the distillatji^ ^qf the oil slackens, it is separated from the 
aqucoujs,j;||||jig^^ the latter returned to the residue in the 
and the process repeated several times. The 
is first washed with ammonia, then with hydro- 
and lastly with water; it is then rectified with chloride 
of calSw. The distillate collated in the middle of the process. 


(1) Compt. Rend. XXV, 656. (2) Aifn. Cb. Pharm. LXV, 55. 

. (3) Compt: R^d. XXV, 884 ; J. Phsrtn. [3] XI1I;1^7 Ann. Ch. Pharm. LXIV. 

332. ■; „ - 

(4) Lfm. cit. p. 453. 
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when heated in contact with platinum wire, eidiibited the boiling- 
point 239® at 758'6“*“ bar. ; it is cumont^rtfe, Hu N=NH4 0, 
Cjo Hji O3 — 4 HO, a colourless liquid, powerfuHy refracting 
light, of a strong agreeable odour, and burning taste, which is 
somewhat soluble in water, and mixes in all. proportions with 
alcohol and ether. It has a spec. grav. 0*765 at 14®; its vapour 
burns with a luminous flame, and deposits a Jarge quantity of 
carbon. Strong nitric acid acts but slowly upon it ; when boiled 
with it, crystals of cuminic add separate ^er several days. When 
heated with potassium, the colour of cumcmitrile is darkened, 
another oily compound being formed; upon treating the mass with 
water, and applying the ordinary test for cyanogen, a copious precipi- 
tate of Prussian blue was obtained. An alcoholic solution of potassa 
does not immediately act upon cumo^trile, but after one or two 
days the liquid becomes solid, a crystalline mass being produced 
which is a mixture of cuminamide and cumonitrile. 

Action of Hydrosulphurle Add upon Benzonltrtle. — ^On saturating, 
according to Cahoura(l), an alcoholic solution of benzonitrile, con- 
taining some ammonia, with hydrosulphuric acid, evaporating the 
yellowish-brown liquid to Jth, and adding water, sulphur-yellow 
flakes are separated, crystallizing from their hot aqueous solution 
in long satiny needles. They are N S2, or benzamide in 

which the oxygen is replaced by sulphur. When treated with pro- 
toxide of mercury, water, protosulphide of mercury and benzoni- 
trile are formed ; potassium decomposes it with formation of sul- 
phide and cyanide of potassium(2). 

Anilides. — In 1846 Gerhardt pointed out, that oxygen and 
hydrogen in the same proportion as in water may be eliminated 
from aniline-salts, a d^s of compounds being produced analogous to 

( 1 ) Compt. Rend. XXVII, 239 ; J. Pr. Chem. XLV, 354. 

(2) Incidentally to these experiments, Cahours discusses the deportment of hydro- 
sulphuric acid with nitrogenized substances generally. — In many cases sulphur is 
precipitated, while the compound treated rimply assumes hydrogen (alloxan, indigo- 
blue). — Or the separation of sulphur is attended by assimilation of hydrogen, and 
elimination of water (formation of organic bases, and araidogen-adds, by the action 
of hydrosulphuric acid on neutral or acid substitution-products, cont|dning NO 4 instead 
of H). — In other cases, along with water, ni^gen is separated in t£e form of sulphide 
of ammonium, while organic bases, containing' sulphur, are formed (thialdine). — Or the 
whole of the nitrogen is converted into Sulphide of ammonium, while neutral sulphur- 
bodies are generated (action of hydrosulphuric acid upon h/dramides).— Or lastly, 
hydrosulphuric acid is directly absorbed, compounds being formed, which coirespond 
in their composition to the amides (action of hydrosulphuric acids upon the nitriles). 
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tbe amides^ and which has been designated by the name anilides. 
Bes^arches upon these cotnpounds have been published during 
1847 and 1848, by Laurent, and jointly with him by Gerhardt. 

ciiiovoevaiiUiae^Laurent(l) found, that by treating powdered 
solid chloride of cyanogen with anQine, in the presence of some 
warm water, and so much alcohol as is necessary to dissolve the 
aniline, a white precipitate of cMorocyanilide is immediately formed, 
insoluble in water, and crystallizing from hot alcohol in brilliant 
plates. Its composition is G 30 

CflNaCls + 4C„ HyN = + 2 (^HyN, H Cl) 

Chloride Aniline. Chlorocyanilide. Hydrochlorate 
of cyanogen. of aniline. 

Hence its formation is similar to that of chlorocyanamide. Chloro- 
cyanilide is not volatile without the action of heat, it liquifieiS, and 
solidifies on cooling to a crystalline mass; when heated more 
strongly, it loses 11*8 per cent of hydrochloric acid becoming 
gradually less liquid, vesicular, and solidifying ultimately to a mass 
presenting an appearance similar to that of dried albumizw ,Lau* 
rent considers this fpansparent, greenish residue, to, be 
(the formation of this compound presupposes thp*aroiutidn of 12*2 
per cent of hydrochloric acid). Chlorocyanilite i^Kssolves slowly in 
boiling potassa; from the solution nitric amdP precipitates a white 
flaky body, insoluble in ammonia, but soluble in hot dilute nitric 
acid, and separating from this solution on cooling in the form of a 
jelly. Laurent considers this body as C 3 Q N 5 Og (analysis, how- 
ever, gave 2 per cent of carbon less than this formula requires,) and 
believes that its formation is analogous to that of chlorocyanamide. 

FiuosiUcajiuide. — ^Laurent farther states, that according to expe- 
riments made by himself and Delb os, aniline absorbs terfluoride of 
silieium (69*5 aniline absorb 40*5 of gas), a slightly yellowish mass 
being produced, which, exhausted by boiling spirit, pressed and dried 
at lOO’, may be sublimed by a slow heat, as a light white crust. 
This sublimate was found to contain 30*5 per cent of carbon, and 
4*4 per cent of hydrogen ; when mixed with protoxide of lead, 
moistened and heated, and strongly ignited, after addition of a few 
drops of nitric « acid, 1 part of sublimate cauiSed an increase of 0*422 
in the weight of the protoxide ** of lead. Laurent considers this 
sublimate b,s fluosilicanilide, H 33 Hji Si^^Og; he believes, that 


(1) Ann. Ch. Phy». [3] XXII, 97 ; J. Pr. Chem. XUV, 157. 
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it forms with the co-opcration of the water of the aqueous spirit^ 
with which the direct product of the reaction was treated; he 
remarks^ however^ himself^ that the product sublimes also before 
treatment with spirits of wine^ when^ in his opinion^ it is not as 
yet converted into fluosilicanilide. This compound is slightly soluble 
in boiling alcohol^ from which it is deposited in small very brilliant 
plates. 

The rest of Laurent^ s paper is devoted to considerations of the 
constitution and the chemical character of this and similar com- 
pounds^ and to proposals of an appropriate nomenclature. 

Investigations made by Oerhardt and Laurent(l) of the anilides, 
have led to the following results. 

OxaniUde. — Oxanilide (2), the compound corresponding to oxamide, 
had b^n previously prepared by Oerhardt. 

oxiflniic Acid. — Oerhardt and Laurent now endeavoured to form 
oxanilic add, the compound corresponding to oxamic acid. This 
succeeds easily by fusing aniline with a large excess of oxalic acid, 
and heating the mixture strongly for eight or ten minutes ; on boiling 
the mass with water, and filtering, coloured cmtals of oxanilate of 
aniline arc deposited from the filtrate, while oxfltlide remains on the 
filter ; the mother-liquor contains an excess of oxalic acid, a certain 
amount of oxanilic acid, or oxanilate of aniline, and some formani- 
lide. The crystals which have been first deposited are brown, and 
refhin this colour even after two or three recrystallizations. To 
prepare from these crystals pure oxanilic acid, they are boiled with 
baryta-water ; the oxanilate of baryta, which is formed after cooling, 
is washed with cold, and dissolved in boiling water, and decomposed 
with dilute sulphuric acid, an excess being carefully avoided ; the 
filtrate, on being concentrated, deposits beautiful plates of oxanilic 
acid. This acid may be obtained also by dissolving crystals of 
oxanilate of aniline in ammonia, adding chloride of barium to the 
cold solution, and proceeding as just indicated; another method 
consists in decomposing the lime-salt (prepared by adding chlo- 
ride of calcium to the ammonia-salt, boiling, and allowing it to 
crystallize), by means of a mixture of sulphuric acid and alcohol. 
— Crystallized oxanilic acid contams CigHyNOg (= N, 

(1) Ann. Ch. Phys. [S] XXIV, 163; Ann. Ch. Pharm. LXVIII, 16; Compt. Xend. 
XXVII, 13, 165 (in abstr.) ; Instit. 1848, 221 ; J. Pharm. [3] XIV, 130. 

(2) A. W. Hofmann hU applied to the salts of aniline the method which has been 
used in preparing the nitrUea (page 467). In treating oxanilide with anhydrous phos- 
phoric acid, he obtained a small quantity of a compound, which he* believes to be 
cyanogen with the adjunct C,s H4. (Ann. Ch. Pharm. LXV, 56). 
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H0,Ca03+H0,C3 03--2H0 = binoxalateof aniline — 2 HO) ; 
it is filiglitly soluble in cold^ but dissolves easily in boiling water 
and in alcohol ; the solution reddens litmus. Oxanilic acid is not 
decomposed by ebuliition of the aqueous solution; concentrated 
aqueous potassa gradually decomposes it into aniline, which is 
separated, and oxalic acid (this effect *is not produced by ammonia) ; 
when treated with hydrochloric, or dilute sulphuric acid, oxanilic 
acid yields an aniline-salt^ oxalic acid being set free; when heated 
it disengages water, and a mixture of carbonic acid, and carbonic 
oxide, perfectly pure oxanilide remaining behind (Ci3H7N06=H0 
+ C 0 + C0q+Ci 4H3N02). — ^The oxanilates are isomeric with the 
isatates; they arc, however, colourless, but disengage aniline like 
the former, when heated with hydrate of potassa ; a partial decom- 
position ensues, even on ebnllition with aqueous potassa, or with 
concentrated acids. — Oxanilate of ammonia, NH^O, Cjg H?NO„ 
is easily obtained in beautiful plates, resembling oxanilic acid, which 
are but slightly soluble in cold water, or in alcohol, but dissolve 
easily *on ebullition ; treated with hydrochloric acid, and recrystal- 
lized, this salt yields tufts of bimxanilate of ammoma(l), which are 
slightly soluble itMItold water. Both ammonia-salts are decom- 
posed on heating (the former at 190 ^), with ’ evolution first of 
ammonia, then of a mixture of carbonic acid and carbonic oxide, 
together witfi some aniline, a residue of oxanilide being left. — 
Binoxanilate of aniline, C,2 H7N, 2 HO, 2 H^ N O5, prepared*by 
the above method, becomes colourless only after repeated crystal- 
lizations, when spiral, felted, lustreless needles arc obtained, 
slightly soluble in cold water, but easily soluble in hot water, form- 
ing a very acid solution ; on addition of hydrochloric acid to this 
solution, no oxanilic acid is precipitated, the same acid salt crystal- 
lizing invariably from the solution ; when heated it is decomposed, 
yielding aniline, and the products of decomposition of oxanilic acid. 
— A solution of oxanilate of ammonia gives, with nitrate of pro- 
toxide of silver, oxanilate of protoxide of Mver, as a white crystal- 



(1) Tbit paper afibxdt to Qerbardt and Lanrent; an opportunity of repeating their 
o^iidon, pmiously enunciated, that in introdtudi^ tlw notion “ Monobatip and bibasic 
lu^ds,’’ ho d^nite characteristics of these adds had hem indicated. In their opinion, 
monoba^ adds are not capable of fonning amidi^ien- and ether-acids $ they cannot be 
converted into aidiydiides (so-called anhydrbtis adds), and yield only neutral amides 
aniA ethers, 1 vol. of whose vapour containatthe^^daments of 1 vol. of alcohol-vapour. 
Bi^c adds are thwe which, in addition with central ethers and amidogen-compounds, 
are' likewise capable 1»f foniiii% amidogen- and ether-a^ as well as anhydrides ; 1 vol. 
of vapour of thete'ethers con^ns the elements ot 2 ttw. of alcohol-vapour. 
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line precipitate, insoluble in cold,^ but soluble in boiling water ; the 
solution deposits, on cooling, plates of an indistinct form. Con- 
centrated solutions of oxanilate of ammonia, and chloride of calcium, 
give a precipitate of omnilate of Ixme^ which is soluble in boiling 
water, and crystallizes from this solution in tufts. Oxanilate of 
baryta is obtained in a similar manner by chloride of barium ; a 
boiUng solution deposits small brilliant plates, exhibiting rhombic 
forms under the microscope. The silver-, lime-, and baryta-salts 
(the lime-salt was very strongly dried) are represented by the 
formula, MO> CigH^NOg. 

oxaiuraniiide. — Laurent and Oerhardt are of opinion that 
oxaluric acid, obtained by Wohler and Liebig, in their investiga- 
tions of uric acid, has a constitution analogous to that of the 
amidogen-, or anilidogen-acids, inasmuch as it contains the elements 
of binol^alate of urea — 2 HO, and actually yields, on ebullition, 
oxalic acid and urea ; urea, accordingly, would present a deportment 
similar to that of ammonia and aniline, and the term urides might 
be applied to the compounds analogous to the amides and anilides. 
Farabanic acid, in their opinion, is no acid, but 'stands to oxaluric 
acid (which is known to arise from parabanic by the assimila- 
tion of water) in t^e relation which exists between camphorimide, 
and camphoramic acid. They find this, view confirmed by the rapid 
conversion of parabanic acid into oxaluraniltde. Finely powdered 
parabanic acid, when slightly heated with dry aniline, directly 
yielded a crystalline mass, no water being evolved;, the product 
was boiled with akohol, to dissolve out aniline and parabanic acid, 
which might have escaped the action, when difficultly soluble oxalu- 
ranilide remained behind. When washed and dried, this substance 
is a white crystalline powder, which, under the microscope, is 
resolved into ne^les, exhibiting slightly the lustre of mother-of- 
pearl, and containing, Hg N3 Og (= N + Hg Ng Og, 

aniline + parabanic acid). Oxaluranibde is formed also, by adding 
aniline to a boiling solution of parabanic acid, when, after a few 
seconds, it separates as crystalline flakes ; it is inodorous and taste- 
less, insoluble in boiling water, and almost insoluble in boiling 
alcohol ; when heated, it fuses, and is decomposed, at a still higher 
temperature, with evolution of pungent vapours, in which hydro- 
cyanic acid may be recognized; when gently heated with hydrate of 
potassa, it disengages aniline and ammonia. Oxalur^ilide dissolves 
easily in concentrated sulphuric acid; the solution evolves, on appli- 
cation of heat, carbonic oxide and carbonic aqid, without blackening ; 
the residuary mixture, %heii exposed to moist air, deposits, after 
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some time, crystals of bisulphate of ammonia, whose mother-liquor, 
on dilution with water, and addition of chromic acid, exhibits the 
reddish-brown colouration, characteristic of sulphanilic acid. 

C,8 H, N, 0«+ 2 (HO, SO,) -C, H4 N, 0, + 2 CO + 2 C0,+ Cj, H, N S, 0, 

' , y ' ' V ' 

Ozaluranilide. Urea. Sulphanilic acid. 

Cj H4 N, 02 + 2H0*2C03+ 2NH3. 

Suecinanlle, Succlnanlllc Acid, and Sneclnanlllde. — mixture of 
water, succinic acid, and aniline, yields easily succinate of aniline, crys- 
tallizing in beautiful, slightly rose-coloured needles (oblique rectangular 
prisms), which are readily soluble in water and alcohol. If powdered 
succinic acid be treated with dry aniline, the mixture fuses gradually, 
water and an excess of aniline being evolved ; the mass, after having 
been in a state of fusion for eight or ten minutes, solidifies, after 
cooling, into an aggregate of spherically-grouped needles.*^ This 
product is treated with a considerable quantity of boiling water, 
W^ich dissolves the larger portion, and deposits, on cooling, colour- 
less plates of succinanile ; the residue remaining after treatment 
with water is succinanilide. — Succinanile, when crystallized from 
alcohol, presents itself in form of long felted needles; it contains 
C,o II9 N 0, (= E, N, HO, C, O3 + Ha C, O3— 4 HO, 
bisuccinate of aniline — 4 HO), and stands to aniline in the same 
relation as d^Arcet^s bisuccinamide (succinimide) to ammonia; 
succinanile fuses at 155^, it is insoluble in cold water, easily soluble in 
alcohol and ether ; an aqueous solution of potassa docs not act upon 
it« with solid hydrate of potassa, however, it evolves at once aniline; 
it is readily solublp in nitric and hydrochloric acids; when heated 
it appears to sublime without decomposition. When boiled with 
an ^ aqueous solution of ammonia, succinanile is converted into 
auccimnilic add; for this purpose it is dissolved in dilute boiling 
ammonia, to which some" alcohol has been added. On boiling this 
solution, until the latter be expelled, and neutralizing with nitric 
acid, long plates of succinanilic acid are deposited on cooling, which 
may hh purified by recrystallization from alcohol. The composition 
of suffeinanilic acid is C20 H^i N O3 (sticcinanile + 2 HO) ; it dis- 
solves^ but slightly in cold, more readUy in boiling water (the solu- 
tionr reddening litmus), and easily in alcohol another; it fuses at 
157^, an^ solidifies with crystalline texture; when exposed to a higher 
teihpCTatul^ it is decomposed into water and succinanile, which 
sublimes.* Succinanilic acid is readily soluble in potassa, (when 
fiised with potassa it disengages aniline) md in ammonia; succin- 
anilate of ammonia crystalUzes but very Indistinctly; it is easily 
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soluble in water, yielding a solution, which is not precipitated by 
chloride of calcium, and scarcely troubled by chloride of barium* 
With a dilute solution no precipitate whatever takes place ; succin- 
anilate of baryta being easily soluble, especially in boiling water. 
Nitrate of protoxide of silver gives, with succinanilate of ammonia, 
a white precipitate of succinanilate of silver (AgO, C20 Hjq NOg), 
which is insoluble in water; with the sulphates of the protoxide? 
of iron and copper, 'respectively, a whitish-yellow and a blue pre- 
cipitate is produced. Fropi the soluble succinanilates crystalline 
succinanilic acid is precipitated oif addition of mineral acids. 

Succinaniiidc. — SuccinanUide (see p. 464 ) is easily soluble in 
boiling alcohol; the solution deposits small needles, which contain 
Cjg Hg NOa = H7 N, HO, C4H3OS— 2 HO, succinate of aniline 
— 2 HO) ; it fuses only at 220®, 4 s insoluble in water, but dissolves 
readily in alcohol and ether ; when fused with potassa it disengages 
aniline. ^ 

SutoeranlUde and duUeranllle Aeld. — On heating a mixture ifof 
water, aniline and suberic acid, no action takes place; on fusing, 
however, a mixture of about equal volumes of dry aniline and 
fused suberic acid, water is disengaged, while the acid dissolves# 
On exposing the mixture for about ten minutes to a tem- 
perature closely approaching its boiling-point, and adding an 
equal volume of alcohol^ a liquid is obtained, which readily soli- 
difies to a crystalline mass. The whole is now dissolved in boil- 
ing alcohol, from which, on cooling, scales of suberanilide are 
separated, exhibiting the lustre of mother-of-pearl; the^ separa- 
tion of this substance is promoted by the addition of water, 
mother-liquor retains mberanilic acid. Suberanilide appears under 
the microscope in form of rectangular scales; it is insoli^le in 
water, slightly soluble in cold alcohol, but readily in Soiling 
alcohol and ether. Its composition is Cgo Hjg N Oj = (C|g Hy N, 
HO, Cg Hg 2 HO, suberate of aniline — 2 HO). It fuses at 
183 ®; ammonia or boiling potassa-solution have no effect upon it*; 
when fused with solid hydrate of potassa it diseng^s anilizie;; 
when distilled it yields an oil which solidifies on coolingi a sSgbt 
residue of carbon jremaining behind . — SuberanUic add is obtained 
by evaporating the^lcoholic solution, which was mentioned above> 
when after expulsion of the jtlcohol a brownish oil is separated^ 
which solidifies on cooling. ^Itr is purified by dissolving in boiling 
aqueous ammonia ; the suberauilate of ammonia, when decomposed 
with hydrochloric acid, yields the acid colourless ; from the boning 
solution it separates as a slightly coloured oil, which solidifies on 
VOL. I. “ 
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cooling. It presents itself in small plates, exhibiting no regular 
form, not even under the microscope, and has the composition 
^28 HiqN Og = (Ci2 H7 N, 2 HO, 2 Cg Hg 0^—2 HO, bisuberate of 
aniline — 2 HO); it fuses at 128^, and solidifies with crystalline 
texture, it is insoluble in cold water, and dissolves but very little 
in boiling water, which assumes an acid reactio]^; it is readily 
soluble in ether. When fused with hydrate of potassa it disen- 
gages aniline, when distilled it yields a thick oily substance, which 
partly solidifies on cooling, a considex^ble residue of carbon re- 
maining behind. (The distillate contains aniline; which may be 
removed by ether, when a white powder, probably suberanile is 
left, which dissolves in much boiling alcohol or ether, from which 
solutions it is deposited in crystals ; it is insoluble in boiling potassa- 
or ammonia-solution, aijid is decomposed by fusion with hydrate of 
potassa, when aniline is evolved). Suberanilate of ammonia crys- 
tallizes in small grains, which are pretty soluble in water; the 
solution is not coloured by chloride of lime ; it gives with nitrate 
of protoxide of silver a white precipitate of suberanilate of protoxide 
of silver (AgO, Cgg Hjg NOg), which is insoluble in water, and 
turns rapidly violet when exposed to the lights with chloride of 
calcium, chloride of barium and lead-salts, white precipitates jeore 
produced, with salts of protoxides of copper and iron, respectively 
a light-blue, and a whitish-yellow salt is formed. 

Phtaianiie and PhtaianlUe Acid. — ^Dry aniline comportsi^lf with 
phtalic acid, as does ammonia. On fusing a mixture of ^pitalic acid 
and aniline, a crystalline mass is obtained on cooling, which is 
powdered and purified by treatment with boiling alcohol, when 
phtaianiie (corresponding to phtalimide) is left, as a crystalline 
powder ; it is still farther purified by distilling, and dissolving the 
distillate in boiling alcohol, from which beautiful needles of phtaia- 
niie are deposited. It contains Cjg Hg N O4 = (Cu Hy N, 2 HO, 
CjgH4 0g — 4 HO, biphtalate of aniline —^4 HO), fuses at 203®, 
and sublimes, even before fusion, in splendid needles. It is insolu- 
ble in water ; when fused with hydrate of potassa, it yields aniline. 
On boiling with aqueous ammonia, to which some alcohol has been 
added, the ebullition being continued for some time, even after 
solution has taken place, and Neutralizing the li^d, while still hot, 
with nitrie acid, phtalanilic acid is f^arated in thin plates; it con- 
tains Cgg^H^^^N Og (phtaianiie + 2 HO), and is insoluble in cold, 
more soluble in boiling water, the solution assuming'^ an acid reac-9 
tion, and easily soluble in alcohol and ether. Phtalanilic add fuses 
at 192^ but even at this temperature phtaianiie is evolved. Phtala- 
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nflate of ammonia yields white precipitates with nitrate of protoxide 
of silver, and iu:etate of protoxide of lead ; the Elution is not changed 
by chloride of calcium, or nitrate of baryta ; when fused with hydrate “W. 
of potassa, phtalanilic acid disengages aniline. 

CampiioranUe aim Camplioraniiio Acld;-^Aniline, and so called 
anhydrous cam^oric acid, do not combine in the cold; on heating, 
a product is obmned, which solidifies into a glacial mass, insoluble 
in alcohol ; when treated with a boiling solution of ammonia 
camphoranilic acid is di^solyeif camphoranile remaining behind. — 

The latter (corresponding to camphorimide) is deposited, from an 
ethereal solution, in needles, which appear to be volatile, without 
decomposition; they contain C33 Hjg N O4 = N, 2 HO, 

2C10H7O3 — 4 HO, bicamphorate of aniline — 4 HO). It fuses 
at 116 ^*, it is insoluble in cold, slightly i^luble in boiling water, 
easily soluble in alcohol and ether. The solution in much water, 
to which some alcohol hi^ been added, deposits brilliant needles, 
sometimes of an inch in length. The same solution, when neutra- 
lized with ammonia, yields, with nitrate of protoxide of silver, a 
crystalline precipitate, which is probably camphoranile-protoxide of 
silver. Camphoranile is >not altered by potassa-solution ; fusing 
hydrate of potassa disengages aniline. It is acted upon by con- 
centrated ammonia, to .which some alcohol has been added; the 
solution deposits needles of camphoranilate of ammonia. — ^The* 
ammoniacal solution of camphoranilic acid, obtained as above-stated, 
deposits, on cooling, needle-shaped crystals, which do not crystal- 
lize well from water. The solution, when mixed with nitric acid, 
gave a flocculent precipitate of camphoranilic acid, which, on washing 
with boiling water, was converted into a soft resinous mass. This 
mass when dissolved in ammonia and alcohol, refused to crystal- 
lize ; the solution, when evaporated, and mixed with water, defiosited 
a portion of the add. The resinous acid, when boiled with water, 
softens, fuses, and solidifies, with crystalline texture, after boiling 
for a considerable time; it is slightly soluble in boiling water, to . 
which some alcohol has been added ; on cooling, the add is deposited 
in white needles, unless too much alcohol has been added, whenv it 
separates in the oilv state. Camphoranilic acid thus presents itc^ 
in two states, the^crystaUine, and the amorphous; in both states 
it contains Cgg Hgj N 0 ^ (camphoranile 4- 2 HO)* When heated,' 
it is decomposed into aniliiih> and so called anhydrous : camphoric 
acid. On treatment with concentrate sulphuric acid/ carbonic 
oxide is disengaged; on^ fusion with hydrate of potassa, it yidds 
aniline. Gamphoraniliits of ammonia appears to exist/ Uktiwise, 

H"H 2 
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m the crystalline and amorphous states; its solution gives^ with 
nitrate of protoxide of silver, a^white precipitate of camphoranilate of 
silver (AgO, C32 Hqq N O5), which is but slightly soluble in water. 
Chlorides of calcium and Wium produce no precipitate. 

CnmanUle or AnttaranUle Aeld. — The acids analogous to campho- 
ranilic acid, contain the elements of aniline and ^ the so called 
anhydrous acid ; camphoranilic acid is decomposed, accordingly, by 
heat. Fritzsche^s anthranilic acid, when rapidly heated, splits into 
aniline and carbonic acid (C14 Hy N Cjg N + 2 COg), which 
induces Laurent and Gerhardt to consider it as an analogue of 
the acids in question, as carbanilic add, 

Suiptaocarbaniilde. — At a former period, A. W. Hofmann(l), 
and subsequently, Laurent(2), bad prepared sulphocarbanilide 
(C18 H3 N S) by the dir^t action of bisulphide of carbon on aniline, 
when hydrosulphuric wid is evolved (CigH^N + CSj—CjjIIgN S 
+ HS). The same compound, according to Hofmann, is formed 
also by the action of heat on hydrosulphocyanate of aniline. Lau- 
rent and Gerhardt find that it may be likewise prepared by dis- 
tilling a mixture of aniline^ sulphocyanide of potassium, and sul- 
phuric acid, when sulphocarbanilide passes over, sulphate of ammonia 
being formed (the sulphuric acid liberates hydrosulphocyanic acid, 
Ca N H Sa + 2 C12 Hy N = 2 Cis Hg N S + NH3). The distillate is 
purified by recrystallization from alcohol. 

On evaporating an aqueous solution of hydrosulphocyanic acid 
and aniline to syrupy consistency, and treating afterwards with 
boiling alcohol, small needles, insoluble in water, are obtained on its 
cooling ; they are formed, however, in so small a quantity as to pre- 
clude the possibility of a more minute examination ; when heated, 
they evolve ammonia and an oil, which solidifies (sulphocarbanilide), 
only a small amount of carbon being left behind. — mixture of 
aniline and alcohol does not dissolve hydropersulphocyanic acid; 
with dry aniline, however, this acid fuses, on heating, into a mass, 
which solidifies witib crystalline texture. The product is insoluble 
in water, but dissolves in boiling alcohol and ether ; it is a mixture 
of sulphur and a peculiar substance, which is difficult to purify. It 
may be separated, though still contaminated with sulphur, by boiling 
with slightly alkaline water, ffitering, and neutralizing with hydro- 
chloric acid; this substance is soluble in b[>iling alcohol, from which 
it crystallizes on cooling ; it is likewise soluble in ether. The nature 
of this compound is not sufficiently examined. 


(1) Ann. Ch. Vhum. h\lh 265. 


(2) Loc. cit. p. 461. 
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Laurent and Gerhardt conclude this investigation with general 
remarks upon the formation and the properties of the anilidogen- 
compounds, whose composition they consider as a new confirmation 
of Gcrhardt^s(l) view respecting the capacity of saturation of the 
conjugated substances, and close with a synoptical table containing 
the correspondi^ amides^ anilides, and ethers. 


(1) The notion of ** coi^ugated ooropounds*^ has been introduced into science by the 
observation, that, in the formation of compounds, the chemical properties the con- 
stituents are not always balanced, but that, on the contrary, the chemical character of 
one of the constituents is frequently still perceptible in the compound Laurent and 
Gerhardt believe that this notion is definite and unequivocal only, if conceived under 
their pecuhar acceptation of the term According to their definition, those compounds 
are conjugated which are formed by the direct union of two substances, with eUmina- 
tion of the elements of water, and which may be reconverted again into the original 
constituents, by fixing again the elements of water , such compounds are, f i , the 
amides, the anilides, and the various ethers This definition, however, far from 
embracing the notion in the conception of science, is nothing but a formula of the 
processes of production and decomposition of a great number of conjugated com- 
pounds Laurent and Gerhardt endeavour to express the properties of the newly- 
formed compounds by a general formula They represent the capacity of saturation or 
the basicity 0 of a compound, t e , the number of equivs of base, whii h are nentralized 
by 1 eq of the compound, by the formula B =» b + V — 1, in whu h b and b^denote the 
basicity of the two constituents before combination took place, 0 the basicity of a neutral 
body, and 1, 2, 3, that of a monobasic, bibasic and tnbasic acid. This expression tells 
us that monobasic acids c*in give nse to neutral ethers, amides, and amUdes only, while 
bibasic acids produce neutral ether- amidogen- or auilidogen acids — Strerker (Anu 
Ch Pharm LXVIII, 47) endeavoured to prove that Laurent and Gerhardt' s definition 
of conjugated acids does not even embrace all those compounds, which these chemists 
consider as conjugated, while, on the other hand, it includes also a variety of substances 
which according to their professed opinions, do not belong to this class of compounds 
lie farther showed, that in the case of various conjugated compounds, which are formed 
by the union of several equivalents of the one constituent, with one of the other, the 
formula, when directly applied, leads to erroneous data, results agreeing with experience 
being obtained only by the assumption of a successive formation of the conjugated 
compounds, (namely, that 1 cq of a substance combines with 1 cq of another, the com- 
pound thus produced with a second, &c ), and lastly, th it in several cases, for which the 
assumption of such a successive formation is inadmissible (phtalamle, succmimide, Ac.), 
the calculated basicity does not ag^ee with the result of observftion He proposed, as 

expressing the basicity of a coigugated compound, the formula B b 4 - b' m 

which n represents the number of hydrogen-equivalents eliminated For the vahdity of 
this formula he has adduced a great variety of examples — In replj, Gerhardt (m his and 
Laurent’s Compt Rend des Trav Chim 1849, 76) has endeavoured to demonstrate 
that the inferences of his defimtio^f the term conjugated compounds” need not always 
or need onlv partially be co ifir^lM ^7 experience, that such substances (formobenzoic 
acid, f 1 ) as do not agree with his formulation, should not be considered as conjugated 
compounds m his acceptation of the term, and lastly, that* the results of Strecker’s 
law of basicity altogether agree with those of his (Gerhardt’s) own, when applied iii 
the manner noticed by S trecker Gerhardt passes in silence over those cases in which 
the madmissiblUty of this apphcation has been pointed out by the German chemist 



Clnnanl* 

llde. 


470 ORGANIC CHEMIOTRY. 

€iiiiiaiiiu«e. — ^Anilmej when mixed with chloride of cinnamyl 
(see p. 411)^ evolves a great d^al of heat ; an easily fusible volatile 
substance being formed/ which crystallizes from dcohol in needles. 
According to Cahour 8 ( 1 ), this substance is cinmnitidey and con- 
tains O 30 His N ^ 2 * ^When distilled with hyd^nte of potassa, it yields 
aniline and cinnamic acid. . 

GunuudUde was prepared by Cahours in a similar manner, by 
acting with aniline upon chloride of cumyl (see p. 410) ; it forms 
long needles resembling benzoic acid, and which are very difficultly 
soluble in*alcohol ; they contain ®ao H 17 N Og. 

AnisaaiUde G^g H^g N O 4 was obtained by Cahours, in white 
brilliant subliming needles, by the action of aniline upon chloride 
of anisy) (see p, 413). 

Napiithaildlde8.~The preceding researches have proved, that aniline, 
similarly to ammonia, is capable of giving rise to a series of com- 
pounds, which may be considered as originating by elimination of 
hydrogen and oxygen from aniline-salts. Delbo 8 ( 2 ) has shown 
that naphthalidine also is capable of producing similar derivatives. 

Garbaoiide of NaplithaUdine. — ^Neutral oxala^ of naphthalidine, 
when subjected to dry distillation fuses with loss of wate^j^.^K^ystal- 
lization ; on increasing the temperature decompciiyHpii^l^^ the 
fused mass intumesces, water, carbonic oxide ^$^|(iip 6 nic acid being 
evolved, while a mixture of naphthalidine 'Compound corres- 
ponding to carbanilide distils. The carMiifdde of mphthalidine va 
purified by boiling continuously with alcohol}^' when it remains un- 
dissolved. (A still better process consists in heating binoxalate of 
naphthalidine to complete fusion, and purifying the mass in the 
manner just indicated). Naphthalidine-carbamide is a light white 
body, rapidly assuming a red tint when exposed to light; at 300^ 
it distils with partial decomposition and. deposition of carbon; it is 
insoluble in water, and but slightly soluble in boiling alcohol, from 
which it is deposited on coolihg in form of k white powder, con- 
sisting of microsdillpic needles. It contains Hg NO, whence its 
formation is represented by the/" equation C^o H 9 N, HQ, Cg O 3 
= C 21 Hg N 0+2 HO + CO (the evolution of carbonic acid is but 
a second^ phenomenon). It is soluble in an alcoholic solution 
of potassa, from which it is reprecipitated on addition of water; 
dilute solutions do not act upon it. 


Cl) Loc. cit. p. 276. 

(2) Ann. Cb. PHys, [3] XXI, 68 ; Compt. Rend. XXIV, 1091 ; J. Pharm. [3] XII, 
237 ; Ann. Ch. Pharm. LXIV, 370 ; J. Pr. Chem. XLII, 244. 
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Snlphocarbamlde of Napbtlialldliie. — On adding bisulphide of 
carbon to a solution of naphtalidine in absolute alcohol^ the 
sides of the vessel are coated after one or two days with dendritic 
siggfcg&tions of a white crystalline substance; after some time the 
mixture blackens, and the mother -liquor contains hydrosulphate of 
naphthalidine. On employing very dilute solutions of naphthalidine 
and bisulphide of carbon in absolute alcohol, the compound is 
deposited in colourless, brilliant needles, which are purified by 
washing with hot alcohol. Delbos assigns the formula C^i Hg N S 
to this compound, which he calls naphtkalidine-mlphocarbamide (his 
analysis, however, does not agree very well with this formula). The 
equation Hg N + CSg = Hg N S -f HS would illustrate the 
formation of this substance ; it is insoluble in waters and alcohol, 
and decomposes on application of heat; dilute acids have no effect 
upon it, when boiled with an alcoholic solution of potassa it is con- 
verted into naphthalidine-carbamide. 

Organic Bases. Nicotine. — Schloesin^(l) considers the follow- 
ing method as best adapted for the preparation of nicotine. The 
aqueous decoction of tobacco is concentrated to syrupy consistence, 
and agitated, while still hot, with two volumes of alcohol. After 
some time a thin liquid layer separates on the top, which is sepa- 
rated by decantation from the lower one, chiefly consisting of malate 
of lime. The alcoholic liquid is subjected to distillation, and the 
syrupy residue treated again with alcohol. This extract contains 
the whole of the nicotine; it is separated from the spirit and 
agitated, while still hot, with potassa, and after cooling, with ether, 
which takes up the nicotine along with some yellow colouring sub- 
stances; from the ethereal solution the nicotine is precipitated by 
powdered oxalic acid, as oxalate, in the form of a syrupy mass, 
which is repeatedly washed with ether, and then agitated, first with 
potassa, and subsequently with ether; lastly, the ether is distilled 
off in the water-bath, and the residue exposed for several days to 
a current of dry hydrogen at a temperature of*14?0®, which sepa- 
rates the last traces of ether, water, and ammonia; on now dis- 
tilling at 180^ the nicotine is obtained pure and colourless. 

Schlocsing has ascertained the amount of nicotine in various 
kinds of tobacco, both French and American. According to his 
experiments 100 j^arts of wnribbed tobacco from : 


(1) Ann. Ch. Phys. [3] XIX, 230. 
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Nicotine. 


Nicotine. 

Dep. Lot « 

. contab 7*96 

AlaaCe ^ . . 

. ^ntain 

3*21 

„ Lot-et-Oaronne 

. » 7*M 

Virginia.' . > 

• 9* 

6*87 

„ Noid . ^ . 

. „ 6*68. 

KeniuidEf .; - . 

99 

6*09 

„ lle-et-Vilaine 

. 6*29 

Maiyl^nd V . . 

• ■ 99 

2*29 

„ Pos-de-Calids . 

. ,, 4*94 

Havannah 

. less than 

2*00 


Dried snuff stiJil coniaiiis 2 per cent of nicotine ; in snuff not dried, 
83 per cent of water as an ayeriige arp present, depressing the per- 
centage of nicotine to 1 * 86 . ThC; leaves of tpbaceo contain nicotine 
in the form of a salt^ for the aqueous extract an acid reaction, and 
yields but very little nicotine to ether. In snuff nicotine is partly 
free, partly in fornix of a ^eutral or basic salt, most probably as 
acetate; the ammonia therein is likewise ^present in form of a salt, 
it is to thesa two salts^ that snuff owes its pungent effect on the 
mucous memblniie of the nose^--^*liie method employed by Schloe- 
sing for determining the ^ount of nicotine in tobacco is very 
simple, and, as shown by his experiments, ppifectly trustworthy. 

10 grms. of tobacco-powder, the moisture 6 f which has been de- 
terniined, are exhausted pith ammoniacal ether, in a displacement- 
apparatus similar to those described by Payen and Mohr(l), and 
having a tubulated balloon of the capacity of of a litre, the 
ethereal extract is boiled in order to . separate the ammonia and the 
remaining ether subsequently evaporated in the air. The residue, 
from which a soft resinous substance separates, 
tralized by sulphuric acid of imown s^ength. of 

sulphuric acid (SO3) used, being represented^]^. the amount of 
nicotine (C 20 H 14 N 3 ) B is obtained ^^^p^roportion 40 : 162 

Nicotine has been analysed both bjPl^^^sing and Barral( 2 ) 
with the same result as formerly !by:..m 0 isens ; their numbers 
itablish the formula Ng. 


Melsens. 
C 74-3 

H 8*8 

N 17-3 


Schloesing. Barral. C! 9 qHj 4 N 3 

73*77 — 73*40 73*69 74*08 

8*62— 8*89 8*86 8*64 

— • — 17*04 17*28 


By determining the amount of i^phuric acid requisite for the 
complete neutralization of nicotine, and by ascertaining the quantity 


. ■ 

, ;'Q.) Vide p. 90 of Practical Pharmacy, by Mohr and Redwood. Taylor, Walton, 
and Maberley, London, 1849. 

(2) Ann. Ch. Phys. [3] XX, 345; Compt. Rend. XXIV, 818; J. Pr. Ghem. XLI, 
466. 
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of carbonates of lime and baryta precipitated by carbonic add from 
a salt of these alkaline earths^ to which nicotine had been addedj 
Schloesing obtained numbers^ which agree with the formula 
^20 N ; the analysis of the platinum-salt led to* the formula 

C]Q N. , In order to decide this question, Barrel has deter- 
mined the spec. grav. of the nicotine-vapour, for which he found 
the numbers 5*607 and 5*630. The theoretical density of the 
formula Cjo II 7 N, which corresponds to 2 vols. of vapour only, is 
6*578. Barral is convinced that the equivalent of nicotine, cor- 
responds, like ammonia and aniline, to 4 vols. of vapour, and hence 
that jt is represented by the formula € 2^14 N^. 

Nicotine absorbs moisture with great avidity; when exposed to the 
moist atmosphere its weight increases according to Schloesing by 
i-'uth in one day; in an experiment of Barral, nicotine absorbed in 
three weeks 177 per cent of water. The whole of this water is 
evolved again in a di*y atmosphere. 

The spec. grav. of nicotine Barral found to be 1*033 at 4®; 
1*027 at 15®; 1*018 at 30®; 1*0006 at 60®; and 0*9424 at 101®*6. 
100 of nicotine dissolve at 100® 10*58 of sulphur, the liquid as- 
suming a dark-brown colour; phosphorus is insoluble in nicotine.— 
When acted upon by chlorine nicotine evolves hydrochloric acid, 
and is converted into a blood-red liquid, which becomes colourless 
when exposed to solar irradiation, and deposits needles at 8 ^; on 
addition of water a white body is separated. 

Nicotine and Protoclilorlde of Platinum. — On adding nicotine 
gradually to a gently warmed acid solution of protochloride of 
platinum, and agitating so as to avoid the disengagement of too 
much heat, llacwsky(l) obtained an orange-yellow, crystalline com- 
pound (a). The mother-liquor yielded on evaporation another com- 
bination (A) in right prisms of a red colour. The latter may be also 
produced by dissolving the orange-yellow crystals in the mother- 
liquor, and evaporating in vacuo, — a) Orange-yelkw salt PtCl, C|q 
II 7 N, 2 HCl ; it is insoluble in cold, but dissolves in boiling water, 
in hydrochloric and nitric acid, and crystallizes from these solutions 
without change in composition; the solution in hydrochloric acid 
deposits splendid orange-yellow rhombic prisms, that in nitric acid 
yields small yellow crystals. When treated with boiling water an 
amorphous" residue is left, which according to Raewsky^s analysis 
has the same composition. The salt is perfectly soluble in nicotine ; 

(1) Ann. Ch. Phys. [3] XXV. 332 ; J. Pr. Chem. XLVI, 470 ; Compt. Bend. XXVII, 
G09. (in abbtr.). 
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and proto, 
chloride of 
plaUnum, 


pn evaporation the solution forms a deliquescent gelatinous msss, 
miscible with water^ alcohol, ether, and acids, but not crystallizablc ; 
on addition of concentrated sulphuric acid the platinum-salt turns 
white.— (A) Red saU PtCl, Cj^ Hy N, HCL It is but slightly soluble 
in cold, but dissolves in boiling water; the solution deposits pale 
yellow scales, which have the same composition as the red modifi- 
cation. It is insoluble in Alcohol and. ether; it dissolves in hydro- 
chloric and nitric acids, and is decomposed by the latter on heating. 
On addition of concentrated sulphuric acid it turns brown. 

qmnine.— According to Lauren t(l) quinine has the formula 
C 38 Nj O 4 , which requires 73*4 of carbon, and 7*1 of hydsogen. 
He found 78*27 — 78*57 of carbon, and 7*14 — 7*07 of hydrogen. 
The platinum-salt H 22 O 4, 2 HO, 2 IICl -f* 2 PtClg requires 26-5 

per cent of platinum (Laurent found 26*4 ; Liebig 26*4 — 26.5 — 
26*6; Oerhardt 26*8), and 29*6 per cent of chlorine, (Oerhardt 
found 29*5). 

Hfrposnipiiite of Quinine. — ^Winckler(2) showed, that hydrochlo- 
rate of quinine yields with hyposulphite of soda a flocculent pre- 
cipitate, which is insoluble in cold water, and crystallizes from an 
alcoholic solution in needles; at 100 ® these crystals lose water of 
crystallization, and fall to a strongly electrical powder. C. M. 
Wetherill(3) has analysed this salt; he arrived at the formula 
®38 ^24 NjO^, Sg Og, HO, according to which, quinine would contain 
2 equivs. of hydrogen more than Laurent assumes. Wethcrill 
found 6*65 — 6*79 per cent of hydrogen ; the above formula requires 
6*77 per cent ; the theoretical percentage of Cgg Hgg Ng O 4 , Sg Og, HO 
is 6*27 ; hence WetherilPs analysis would rather support the latter 
formula, inasmuch as the hydrogen-determinations exhibit usually an 
excess. 

FtaospRate of Quinine. — ^By dissolving quinine in gently warmed 
phosphoric acid Anderson(4) obtained soft satiny nee^es, neutral to 
vegetal colours, which contained 61*85 per cent* of carbon, and 6*81 
of hydrogen. He believes it to contain (at 100®) 8 Cg^ Hjg N Og, 
8 HO, POg. At 121® the salt of one preparation lost 7*88 per 
cent, that of another 15*8 per cent of water, which would indicate 
the existence of two salts. — ^Anderson has not determined the 
phosphoric acid, whence it remains doubtful, whether the salt 


(1) Ann. Oh. Phys. [3] XIX, 363; Ann. Clb fJiann. LXII, 95 ; Compi. Rend. XXIV, 

219 ; J. Pv. Chem. XL, 400. ^ * 

(2) Jahrb. Pr. Chem. XV, 281. 

(3) Ann. Ch. Pharm. LXVI, 150. 

V4) Ibid. 55, (comp. ** Strychnine*’). 
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actually contains 8 equivs. of quinine ; hia analysis^ if Laurent's 
formula be adopted^ agrees best with 8 Cjg N O^, PO5 ; which 
requires 61*8 per cent of carboUi and 6*2 of hydrogen. 

HydrosiiUplioeraaate of quinine. — ^According to Dollfu8(l) two 
salts exists a white one and a yellow one which is resin-like^ and 
agglutinates ; they invariably crystallize together. 

Hydroferro* and nydroferrleynaate of qnlnlne. — On mixing alco- 
holic solutions of hydroferrocyanic acid and of quininoi an orange- 
yellow crystalline precipitate is produced which^ according to 
Dollfus(2)^ contains 62*9 per cent of carbon^ 6*0 of hydrogen^ and 
9*1 of iron; these numbers lead to the formula N Oj, Cfy 

+ 3 HO^ which requires 52*6 of carbon, 6*7 of hydrogen, and 9*4 
of iron. This compound, however^ is very easily decomposed, and 
cannot be adduced in favour of one or the other of the quinine- 
formula; if we adopt Laurent's formula, the above numbers 
would be best represented by. the formula €33 H22 N2 0^, 2 H2 Cfy 
-f no, which requires 53*2 of carbon, 6*8 of hydrogen, and 9*9 of 
iron. Hydrochlorate of quinine produces with ferricyanide of po- 
tassium a crystalline precipitate resembling aurum musivum, and 
containing, according to Dollfus, 64*6 of carbon, 5*4 of hydrogen, 
and 9*8 of iron. 

Adulteration of Quinine. — Stresemann(3) has observed adultera- 
tions of quinine with 30 — 40 per cent of salicine, Sckeyde(4) with 
10 — 18 per cent of milk-sugar, Winckler(6) with 40 per cent of 
carbonate of lime. 

suii§titute for Quinine. — Spatzier(6) has lately recommended for 
this purpose Variolaria amara Ach. {Persutaria communis DC.), 
which in 1832 had been proposed by Alms as a remedy in inter- 
mittent fever. Knop(7) observes, on this occasion, that possibly 
similar medicinal properties may be possessed by the very bitter 
salts of cetraric and stictic acids, which are probably closely allied 
to picrolichenin, extracted by Alms from V. amara. — ^Winckler(8) 
repeatedly recalls attention to purified quinoidine, and also to 
quinidine and cinchonine; the latter especially, is stated on the 
authority of distinguished physicians, to possess in the form of salts. 


(1) Ann. Ch. Pharm. LXV, 215. (3) Arch. Pharm. [2] LII, 151. 

(2) Ibid. 224. (4) Ibid. [2] LVI, 171. 

(5) Repert. Pharm. [2] XLVII, 403 ; Jahrb. Pr. Pharm. XV, 166. 

(6) Arch. Pharm. [2] LVI. 166. (8) Jahrb. Pr. Pharm. XVII, 83. 

(7) Pharm. Centr. 1848, 943. 
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aever * foiling febriMge propeirtieSrfr-Bebeerine likewise deserves 
attention as a substitute for quimne^ 

cineiioiiine. — •Laurent(l} has altered also the formula of cin- 
chonine^ by which its relation to quinine is re-established. He pro- 
poses C38 H22 Nj O2 (theory 77*66 of carbon, 7*48 of hydrogen ; 
experiment 77*22— 77*36 of carbon, and 7*47—7*61 of hydrogen). 
This formula is supported by the numbers obt^ned by Hegnault 
in analysing the sulphate, iodate and nitrate of cinchonine, and 
by the investigation of the subsequent cinchonine-compounds. The 
platinum-salt is Cgg 0^, 2 HCl, 2 Pt CI^ +2 HO (theory 27*26, 

experiment 27*2 — ^27*8 of platinum). The 2 equivs. of water are 
evolved at 140®. 

HydrocUorate of Cinciioniiie: crystallizes from aqueous alcohol 
containing a slight excess of acid, on slow evaporation, in tables with 
a rhombic base, whose acute angles are truncated. Lauren t^s(2) 
analysis led to the formula C38 ^2 ^ It is readily 

soluble in water, less so in alcohol ; the solution reddens litmus. 

Hydrosulplioeyanate of Clnehonlne. — ^By the analysis of. this salt, 
which crystallizes in brilliant needles, I)ollfu8(3) has confirmed 
Laurent^s cinchonine-formula. He found in 100 parts 67*86 of 
carbon, and 6*63 of hydrogen. The formula Cgg H^j Oj, H C2 
N Sg requires 67*9 of carbon, and 6*63 of hydrogen. Hence the 
equivalent of cinchonine is 294. Dollfus found 289. 

Mydroferro- and Hydroferideyanate of Cinchonine. — These salts 
have been likewise analysed by Dollfus (4). His results add a new 
confirmation to Laurent’s formula of the base. Hydroferrocyanate 
of cinchonine contains Hgg Ng Oj, 2 Hg Cfy + 4 HO, the hydro- 
ferricyanate has the formula Og, H3 Cfy2+4 HO. — Both 

salts are crystalline precijgj^tes, which, when heated, either alone, 
or ih aqueous solutu^ll^fl^decomposcd into hydrocyanic acid, and 
a bluish residue ; W^^mtions of pro||pxide and sesquioxide of iron, 
they exhibit the deportment as the corresponding potassium- 
compounds. 

Chloroclncmi^l^e and Bromoctnehonfne.— On passing a current of 
chlorine int(>'^%arm concentrated solution of hydrochlorate of cin~ 

' chonine, Liil!irent(6) obtained a heavy crystalline powder, which 

(1) Ann. Ch. Fhys. [3] XIX, 365, (for the, oth^ quotations, $ee p. 474). 

(2) Ibid. [3] XXIV, 302 ; Ann, Ch. Fharm. LXIX, 9. 

(3) Ann. Ch. Fharm. LXV, 222. 

(4) Ibid. 225.. 

(5) Ann. Ch. Pbys. [3] XXIV, 302; Ann. Ch. Fharm. LXIX, 9; J. Fharm. [3] 
XIV, 456. 
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after recrystallization from boiling water^ was f6uiidto be pure hydro- 
chlorate of chlorocinchonine^ Cgg Clj Nj O^, 2 HCl. It is, like 
the subsequent compounds, isomorphous with hydrochlorate of “»»«• 
cinchonine, slightly soluble in water and soluble in 60 parts of 
alcohol. Chlorocinchonine; precipitated from this salt by means of 
ammonia, contains Cjg Hjq Clg N2 Og (theory 19'5 per cent of chlo- 
rine } experiment 18 * 9 ) ; it is crystallizable, and yields, when distilled 
with potassa, chinoliiie free from chlorine. The platinum-salt 
Cgg H20 CI2 Ng Osi 2 HCl, 2 Pt CI2+2 HO, is a pale-yellow powder. 
Hydi’obromate of chlorocinchonine Cgg Ilgo Clj Ng Og, 2 H Br, is 
difficultly soluble. By treating hydrochlorate of cinchonine with 
bromine, Laurent obtained a mixture of two compounds, containing 
different quantities of bromine. One of these compounds forms a 
hydrochlorate, soluble in alcohol, and contains Cgg Hgi Br N2 Og ; 
the other, which Laurent designates as sesquibromocinchoniiie, is 
probably a mixture of the former with dibromocinchonine, Cgg llgg 
Brg Ng Og, both compounds, in consequence of their isomorphism, 
crystallizing together. On analysis, the formula Cgg II V BrJ- Ng Og 
was obtained, which was confirmed by the study of the hydrochlorate 
and of the platinum-salt. Laurent farther mentions a hydro- 
bromochlorate of bromocinchonine, C^g H^j Brg N4 0 ^, 2 HCl, 2 H Br, 
which is produced by the action of bromine upon hydrochlorate of 
cinchonine. The crystalline form of the isomorphous compounds 
above enumerated, is a right, rhombic prism od P, which is short- 
ened to a table by the predomination of the terminal plane 0 P ; the 
more acute edges of the prism are replaced by two planes P oo , 
tangent in points. In measuring the angles, Laurent found for : 

cdP:qoP Pqo:OP 
Cgg Ila Ng Oj, 2 HCl 101® 137 —138® 

CasHau Clj Ng Og, 2 IICl 106 1361—137* 

C38 Hgg CI5 N, 0,, 2 HBr 104 137 

Cs8 lly Br. Ng Oa, 2 HCl 107—108 

'Winckler(l} has shown, that cinchonine, when heated with an 
excess of concentrated sulphuric acid, loses its faculty of crystallizing, 
assuming the properties of amorphous cinchonine, which he had 
previously prepared from commercial quinoidine. The hydrochloric 
solution of amorphous quinine and cinchonine, is not affected by 
hyposulphite of soda, while the hydrochlorates of the crystalline 
bases yield directly crystalline precipitates. 

(1) Jahri). Pr. Fharm. XV, 281 ; Repert. Pham. [2] XLYlll, 391. 
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Qainidiii^. Adcording to Roder*s(l) statement^ quinoidine would be a com- 
pound of crystalline quinine and cincbonine with a resin^ which 
could be separated by treating the alcoholic solution with protochlo- 
ride of tin. It was proved, however, by Winckler(2) that pure 
amorphous quinine remains amorphous even after treatment with 
protochloride of tin, and that the crystalline bases, observed by 
Roder, must have been present in the specimens of quinoidine 
employed, which is invariably the case in the commercial article. 

«|iiiiiidine.~In a Quina^bark, occurring in commerce, in the same 
packages as QtAna regut, but having in its exterior the greatest 
resemblance to Qaina Huamalies^ Winckler(3) has observed a new 
organic base, which he calls quinidine^ and which, according to his 
observations, is frequently present in commercial sulphate of quinine. 
From a large quantity of crude quinidine, obtained by Zimmer in 
manufacturing quinine, and consisting chiefly of quinine and the new 
alkabid, Winckler separated quinine and a yellow resinous sub- 
stance j the insoluble residue, when dissolved in alcohol of 80 per cent, 
treated with animal charcoal and slowly evaporated, yielded coloured 
crystals of quinidine, which were purified by conversion into sulphate, 
precipitation with carbonate of soda, edulcoration, and recrystallization 
from alcohol. 

Quinidine is thus obtained in large crystals, possessing the lustre 
of glass; their form is a right four-sided prism, which is either 
rightly truncated or pointed by one or two planes. When rapidly 
deposited, it separates as a crystalline powder, which, undAr tl^ 
microscope, appears as an aggregate of rhombic tables. *When 
heated, it fuses ; at a higher temperature a small portiitt^lreMimes, ^ 
while the larger is decomposed, with evolution of a f«|)our, possessing 
the odour of kinone. The powder is scarcely ^sctric. Quinidine 
is but slightly soluble in water, *but dissolves readily in alcohol ; 100 
parts of ether dissolve only 0*69 of the base. It neutralizes the 
acids perfectly ; an excess of acid gives "rise to an opalescence of the 
solution, just as with quinine. The solutions have the same bitter 
taste as quinine. Quinidine does not lose in weight when exposed 
to 100^. Both the basic sulphate and the platinum-salts have, 
according to Winckler, the same composition as the corresponding 
compounds of quinine ; the neutral su^hate, dried in the air, loses, 

(1) Mittbeiliuif& des Scbwdzar Apothdeer-Vereun, I, 31 ; Repert. Pfaarm. [3] 1 , 

100 . . 

(2) JdtrWn. Pham. XVII, 32. 

(3) Repftt. Pham. [2] XLVill, 384 ; XUX, 1. 
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when fused^ 19 per cent of wetter*; it contains 16*55 per cent of 
sulphuric acid. Winckler supposes that quinidine has the same 
composition as quinine; this question has to be decided by more 
accurate analytical experiments. 

P8euiioquiiiiiie.-^In an extract of Quina, of unknown origin, Men- 
garduque(l) has found an organic base, which both in deportment 
and composition, essentially differs from quinine, cinchonine, or 
cinchovatine ; none of the three latter substances were present. This 
substance neutralizes the acids perfectly, and decomposes ammonia- 
salts ; it is insoluble in ether and water, but dissolves in alcohol, 
from which it crystallizes in irregular prisms. Its solution in chlo- 
rine-water assumes, on addition of ammonia, a reddish-yellow colour, 
while quinine becomes green. It is tasteless ; the sulphate, likewise, 
which crystallizes in flat prisms, has scarcely a bitter taste. On 
analysing the base, 76*6 — 76*7 per cent of carbon, 8*1 — 8*2 of 
hydrogen, 10*2— 10*4 of nitrogen, and 5*2 — 4*7 of oxygen were 
obtained. 

Morphine. — Laurent(2) has again analysed this base. He proposes 
the formula Hjg N O^, which contains 1 equivalent of hydrogen 
more than Liebig^s formula. (Theory, 71*58 of carbon and 6*66 of 
hydrogen ; experiment, 71*63 — 71*59 of carbon and 6*58 — 6*66 of 
hydrogen). Hence it would differ from codeine by 1 eq. of oxygen 
only, which the latter contains less. 

Hydrosulphocyanate of Morphine has been analysed by Doll- 
fus(3), who found the formula H^g N Og, H N HO ; accord- 
ing to his experiment, morphine contains even one of hydrogen less 
than Laurent^s formula admits. 

Amount of Morphine present in Opium. — ^Aubergier(4) has per- 
formed a series of experiments with varieties of poppy {Papaver 
somniferum), cultivated in 1844 and 1845, in Algeria. He proves 
that the quality of the opium prepared therefrom, i. e., its amount of 
morphine, depends partly on the variety of the plant and partly on 
the maturity, more or less advanced, of the capsule at the time of 
collection. The milky juice is richest in morphine when the capsules 
are not completely ripe, and present still a green colour ; as soon 
as they become yellowish-brown, the time for the opium-crop has 
passed. If care be taken in making the incisions into the pdppy- 

(1) Compt. Rend. XXVII, 221 } J. Pr. Chem. XLV, 356 j J. Phaim. [3] XIV, 343 ; 
J. CUim. M4d. [3] V, 17. 

(2) Ann. Ch, Phys. [3] XIX, 361 (com^. p. 474). 

(3) Ann, Ch. Pharm. LXV, 216. 

(4) Ann, Ch. Phys. [3] XX, 303. 


Pienilo* 

quliUiiA. 
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^rpSto? as not to injure the pericarp, through which air might 

p^mn^in pcibetrate into the interior, the seeds still ripen, quite independent of 
the opium**crop. Aubergier effects this by means of an instrument 
containing four< blades, which are so adjusted as to produce incisions 
of 1 — only. The exuding milky juice is collected before it dries 
upon the capsule, by which the loss occasioned by rain is altogether 
prevented. The determination of morphine was effected according to 
Fayen^s methCd. Aubergier decolourized, however, his solution 
of morphine by animal charcoal, whereby his numbers became uncer- 
tain, inasmuch as organic bases are well known to be carried do^n 


by animal charcoal. 

He obtained the following results : 

* Morphine in 100 parts of 

Variety of poppy. 


Time of collection. opium containing 7*6 per 

cent of water. 

WThite poppy . . . 

1844?^ 1. collection 

6.— 11. July 

8-570 

ditto . • • 

» 2. 

» 

17.— 20. July 

1-520 

Red poppy . . . 

ft 


11.— 13. July 

10-C90 

White poppy . • . 

„ 1- 

ft 

9. July 

6*630 

ditto . . . 

2, 

ft 

28. July 

5-530 

ditto . . • 

ft ‘ 3* 

ft 

13. August 

3-270 

Red poppy . . • 
duto . . . 

o'* 1* 

ft 

21. July 

10 370 

1845. 2. 

ft 

26. July 

10-649 

dftto . . . 

» 3. 

ft 

16. August 

11-230 

Oeillotte «... 

« 1. 

ft 

29.— 30. July 

17-833 

ditto . . . 

« 2. 

ft 

21. August 

14-780 


SolpliomorpRiae and Suiphonareotlde. — ^Arpp6|^}^ described, in 
1845, a white substance, becoming green whe^^^foo^d to the atmo- 
sphere^ T^hich he had obtained by the j^tioiir of an excess of sul- 
phuric acid upon morphine. His anajj^h had led to the formula 
4Cg5 HgqN Og + 5 SOg. Ou thc assumption of morphine being a 
conjugated ammonia-compound, Arppe conjectured that this sub- 
stance contained anhydrous sulphate of ammonia, whence he proposed 
thc following rational formula ; Cgg Og, NHg, SOgH-8 (Cgg Og, 

NHg)+4SOg. 

Laurent and Gerhard t(2) have likewise analysed this compound; 
they consider it as neutrid sulphate of morphine, minus 2 eq. of 
water, when the compound would belong to the class of amides and 
anilides. Their analysis yielded 63*0 per cent of carbon, 5*8 of hydro- 
gen, and 5*4 of sulphur; the formula Cgg H^gN Og SssCggHigNOg, SOg 
requires 64*5 of carbon, 5*7 of hydrogen, and 5*1 of sulphur. Lau- 

(1) Aon. CL Pbarm. LV, 96. 

(2) Ann. Ch. Phys. [3] XXIV, 112; Compt. Rend. XXVII, 80; J. Pharm. [3] 
XIV, 302; Ann. Ch. Pharm. LXVIll, 338 f J. Pr. Chom. XLV, 369. 
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rent and Gerliardt consider a loss pf 1*6 per cent of carbon unavoid- 
able in the analyses 5 f uncrystallizable and difficultly combustible 
substances. They propose the designation mlphomorphide for this nucoti^ 
substance. — On treating narcotine with dilute sulphuric acid, Lau- 
rent and Gerhardt obtained a dark-green body, insoluble in water, 
but dissolvmg in alcohol, and exhibiting the same deportment as 
sulphomorphide, whence the name aulphonarcotide. AniJysis yielded 
69- 1 per cent of carbon, 5-8 of hydrogen, and 8*6 of sulphifr; the 
formula of neutral sulphate of narcotine, minus 2 equivs. bf water, 

^46 N Oi4, HO, SO3, — 2 H0=C43 ^24 N O13, SO3, requires 60*2 
of carbon, 5*2 of hydrogen, and 8*5 of sulphur. Morphine and 
narcotine cannot be reproduced from these compounds. 

Cotarnine. — ^Laurent(X) proposes the formula H13 N O3 for 
this compound, which had been obtained fimm narcotine by Wohler 
on treating it with sulphuric acid and ^pdde of manganese, by 
Blyih on acting upon it with bichloride of platinum. He farther 
repeated the analysis of opianic acid, which together with hemipinic 
acid, is produced in the same process of oxidation ; his analysis led 
him to the formula Hjq Oiq, (theory,'‘67*164)er cent, of carbon 
and 4*77 of hydrogen ; experiment, 67 * 10 ^ of carbon and . 4*88 of 
hydrogen), which contains 1 eq. of hydrogen less than W^ohler^s 
formula. The formation of these substances from narcotini would 
then be represented by the following equation : 

^46 ^86 ^ ^14 ^4 ^85 ®18 ^ ^8 ^80 ^^10 ^ HO. 

Narootine. Cotaniiiie. Opianic acid. 

Opianic acid, by the abSttrption of 2 more equivs, of oxygen, is 
converted into hemipinic acid, G^q 0„ . — On adding together the 

formulce of narcotine and cotarnine, 2 equivs. of narcogenine, 

2 C38 Hjg N Oio ate obtained j or 2 equivs. of narcotine, by absorb- 
ing 4 equivs. of oxygen are converted into 2 equivs. nareogenine, 

1 cquiv. of opianic acid, and 2 equivs. of water. 

codeine^The bydro8ulpho<granate of codeine is obtained on adding 
hydrosulphocyanic acid to an alcoholic solution of this base. It borons 
needles, fusing at 100 *, and containing, according to Dollfus'(SJ 
analysis C34 NOji H C, NSj+HO; (theory, 62'60 of ^bon 
and 6*08 of hydrogen; e^^eriment, 62'80 of carbon and 6*12 of 
hydrogen). 


(1) Ann. Ch. PJiys. fS] XIX, 870, <ftr the other quotation*, $ee p. <74). 

(2) Ann. Ch. Pharm. LXV, 2J7. 

VOL. I. t I 
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i«]PiqipireviBe.— The reodaes of tbe prepi^tion of. morphine coatain 
anew opium-base^ which has b^n ^covered by 0. Merek(l), who 
prc^>08es for it the .n^e jiapap^np, . '!!^ base contains Hg^ N Og ; 
it hi but slightly soluble iu cold, moie readily in hot spirits of wine 
and ethw, and is deposited hrbm these solutions in white, spear-like 
crystals, which act but lightly, .on reined litmus. When in con- 
tact with concentrated sulphuric acid, they assume a blue colour. — 
The gi^ajcr part of .the salts are difficultly soluble in' water ; hydro- 
chlorate of papaverine, c« Hgi N Og,: HCV cry stylizes, according to 
Hv Kopp^B determination^ in right rhombic prisms^ with edges of 
80^ and 100". From its aqueous solution^ this salt is precipitated by 
hydrochloric acid in oily drops, which when left at a gentle tempera- 
ture, are gradually converted into an aggregate of crystals. Sulphuric 
and nitric acids produce^ similar d^ortment. The platinum-salt, 
C4Q N pg, HCl, PtC^is a yellow precipitate, insoluble in water 
and spirits of wine. Details respecting , the preparation of the base, 
its chemical deportment and .andysis, have not yet been communi- 
cated by 0. Merck. 

FJperine is isomprphous with morphine, according to a repeated 
analysis by Laurent(2), which confirms BegnauUfs. formula 

Phospiiate of Strychnine^ — ^Th. Anderson(3) two 

compounds of phosphoric acid with strychnine* . - 

On digesting strychnine, at a gentle lyMitf, mtb moderately dilute 
phosphoric acid, as long as it is readily dissolved, radiated groups of 
long heedl^s are deposited on cooling, which (at 127°) contain, 
HI24 Nj O4, PO5+2HO, (thep^< 59*14 of carbon and 6 04 
- of hydrogen 5 e^eriment, 59’06— *68*72';^of carbon and 6*97 — ^6*96 of 
hydrogen). The crystallized salt loses, at 127°, 4 equivs (7*42 per 
cent) of water, (experiment, 7*95). It dissolves in 5 — 6 parts of 
water, and has an acid reaction. 

If 4;he solution of the acid salt be digested^ for some time with an 
excera of strychnine, and the jproduct be recrystalUzed several times, 
large ^tangular tables are obtained, which have no longer an acid 
reaction ,• they are 2 {C^ O4, HO), HO, POg + lS HO. At 


(1) Ann. Ch. Pharm. LXVl, 125$ Aich. Pharm. [2] LVI, 312; ]^pert. Pham. 
[3] I, 96 ; J. Pharm. [3] XV, 167. 

(2) Ann.l!h. Phys. [3]' XIX, 363 ; Aifii. Ch. Phann. LXII, 98. 

(3) Chem. Soc. Qu. J. 1. 55 ; PhiL Map. (8] XXXIII, 163; Ann. Ch. Pharm. LXYI, 

55; J. lPharm. [3] XIY,49. ^ 
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100® this compound loses 18 eauivs. (17'6 per cent) of water of 
crystallization. ' 

Hydrosuipbocyanate of stfsrelmtne has been analysed by Doll- nine. 
fus(l), who confirms the formula of strychnine proposed by Ger- 
hardt. The salt is obtained in the form of transparent difficultly 
soluble needles, on adding hydrosulphocyanic acid to ail alcoholic 
solution of strychnine, or by decomposing a strychnine-salt by means 
of sulphocyanide of potassium. In this, as well as in ail the other 
analyses, Dollfus availed himself of the insolubility of sulphocyanide 
of silver for determining the equivalents of the bases which he 
examined. He arrived exactly at the formula H 24 Ng O 4 , H N Sg, 
(theory, 67*81 of carbon and 6 14 of hydrogen; experiment, 67‘70 
of carbon and 6*39 of water). 

Hydrochlorate of Strychnltie and Oyante of Mercury combine, 
according to Brandis(2), forming a crystalline precipitate, when both 
constituents are mixed. From hot solutions, the double compound 
is deposited in rectangular, four-sided tables, possessing the lustre of 
mother-of-pearl, and containing H 43 O 4 , HCl+4 Hg Cy. 

Hydroferrocyanate of strychttine was obtained by Brandi8(3) 
on mixing neutral strychnine-salts with ferrocyanide of potassium, 
when a copious precipitate is formed, which consists of colourless crys- 
tals. From dilute solutions, light-yellow crystals, of from i to 1 inch 
in length, are deposited; their form is a rectangular, four-sided 
prism, with ends pointed by two planes in the direction'of the edges. 

They contain, according to Brandis, 2 Nj O 4 , Hg Cfy + 8 HO. 

At 100® the compound loses 6 eqs.=6'12 per cent of water.— With 
salts of iron, lead, and coppir, it exhibits the same deportment as 
ferrocyanide of potassium. — On dissolving this salt in^boiling water, 
or on beating the saturated aqueous solution to ebullition, strych- 
nine crystallizes first, and subsequently 

Hydroferricyahate of stryciinfne is deposited. This compound is 
obtained likewise, by mixing a saturated solution of a strychnine-, 
salt with ferricyanide of potassium, when beautiful, golden-yellow, 
brilliant crystals are separated, which resemble the preceding com- 
pound, They contain 8 C 44 4- 12110. Of 

these 12 equivs. of water, 3 equivs. are lost in vacuo, 6 equivs. at 
100®, and 8 equivs. at 136*. When heated more strongly, the com- 
pound is decomposed, with evolution of hydrocyanic acid. On 
boiling Prussian blue with strychuine, the hydrofemeyanat© is 

(1) Ann. Cai. Pharm. LXV, 221. (2) Ibid. LXVI, 269. 

(3) IWd. LXVI, 257 s iMttt. 1848, 194. 
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likewise formed; a reaction which is inteUigible by the deportment 
^ preceding compound, on ebullition with water. 

On adding hydroferricyanic acid to an alcoholic solution of strych- 
nine^ or of hydroferricyanate of strychnine, until the liquid assumes 
a slightly acid reaction, a white powder is precipitated, almost inso- 
luble in water and alcohol, which differs both in its properties and 
constitution from the above compound. This substance has an acid 
reaction; on treatment with potassa it is converted into an amor- 
phous, white mass, turning blue when exposed to the air, and on 
treatment with alcohol, decomposed into Ian amorphous, blue com- 
pound, hydroferrocyanate of strychnine and ferrocyanide of potassium. 
With boiling water, it yields a blue precipitate and hydroferricyanate 
of strychnine. Brandis proposes for this compound the formula 
C44 H24 Njj O4, Fcg Gy3,4J[j, Gy2+5 HO, the only one agreeing with 
the results of his analysis. When considered as hydrocyanates, the 
compounds investigated by Brandis are represented by the follow- 
ing fotmulse : 

(at lOpo) 2 (Bit, HCy) + Fe 0 , HCy + HO 

(at 136») 3 (Str, HCy) + (FcjOg, 3 

(at 100®) Str, HCy + 2 (Fe 0 , HCy) + HO 

When dried as far as possible without decomposition, these salts 
still contain 1 eq. of water. 

diloroatrychnliie and Bromoatrychnlne.— *On passing, according 
tO'Laurent(l), a current of chlorine into a gently-warmed solution 
of hydrochlorate of strychnine, it assumes a rose-red colour, while a 
resin-like substance separates. The solution, when carefully sub- 
jected to a fractional precipitation, by means of ammonia, yields a 
white precipitate! which gives with sulphuric^ acid a crystalline salt, 
of the formula, H33 Cl Ng O4, HQ, SQ3+7 HQ, having a compo- 
sition analogous to sulphate of strychnine.— ^By similarly acting with 
bromine upon hydrochlorate of strychnine, a bromostrychniue was 
obt^ijed, iu whi(^ less than 1 eq. of hydrogen was replaced by 
bromine. > 

Phospiiate of Brucine has been prepared by AnderBon( 2 ). It 
forms short, thin prisms, which are readily soluble in water, without 
action on vegetal colours, and fuse at 100 *. When dried at lOO*, 

(1) Ann. Ch. Fhys. [3] XXIV, 312; Ann. Ch. Pham. LXIX, 14; J. Pr. Chem. 
XLVI, 62. 

(2) Ann. Ch. Pham. LXVI, 55, (comp. p. 482). 
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they contain 2 Na Og, HO, PO5+2 HO. The water of crys- 

tallization was not determined. — On digesting acid phosphate of 
soda with brucine, a double salt is obtained, whidi, according tp an 
analysis (the details of which have not been communicated), is 

approximately represented by, Br, HO, NaO, HO, PO5. 

Hydrosuiphocyaiiate of Brudne crystallizes in anhydrous plates 
upon addition of hydrosulphocyanic acid to a solution of brucine. The 
salt is readily soluble in water. According to Dollfu8'(l) analysis, 
it contains H Cj N 83, (theory, 68*57 per cent of 

carbon and 5*96 of hydrogen; experiment, 63*23 of carbon and 
6*13 of hydrogen). This analysis settles the true formula of brucine. 

Hydroferrocyanate and ' Hydroferrleyanate of Brucine are com- 
pounds perfectly similar to the stryChnine-salts above described. 
The hydroferrocyanate is, according to Br«ndis(2), 2 H2gN2 Og, 

Hg Cfy + 2 HO, or 2 (Br, H Cy) + PeO, H Cy + HO, when considered 
as a hydrocyanate. 

Bromoorueine. — On treating an aqueous solution of sulphate of 
brucine with a weak solution of bromine in alcohol until | or J of 
the base is precipitated in form of a resinous body, and rccrystal- 
lizing, from dilute alcohol, the precipitate, produced by addition of 
ammonia to the filtrate, Laurcnt(3) obtained small, slightly coloured 
needles, represented by the formula 64^ H^g BrNg Og, (theory 16*9; 
experiment 17*5 per cent of bromine). These crystals are not red- 
dened by nitric acid. 

Products of BccompoBitlon of Brucine by means of Nitric Acid. 
— Gerliardt(4) stated, in 1845, that in acting with nitric acid upon 
brucine, nitrous ether is evolved. His statement was based upon the 
facts : that the gas evolved possessed the same odour as nitrite of 
ethyl, that it was soluble in water and spirits of wine, ‘and burned 
with a greenish flame, nitrous fumes bemg disengaged. Gerhardt in- 
ferred that brucine was resolved in this reaction precisely into uitrite 
of ethyl and a residual body j in the equation, however, by which he 
represented this reaction, a composition was assigned to this residual 
body, which did not agree with his own analysis. Gerhardt's 
statement respecting the identity of the gas evolved, with the vapour 
of nitrous ether, was support^ by no argument baaed upon the 


(1) Ann. Ch. Phann. LXV, 219. 

(2) Ibid. LXVI, 2S7. 

(3) Ann. Ch. Phys. [3] XXIV, 314; Ann. Ch. Phann. LXIX, 8. 

(4) Compt. Rend, des Trav. Cbim. Avril; 1845. 
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known properties of tins body (boiling-point, composition, 
^ decomposition by potassa) ; and respecting these properties, Gcrhardt 
eiitertained erroneous views. Liebig(l), who pointed out this error, 
confirmed the evolution from brucine, when treated with nitric acid 
at a gentle heat, of a gas burning with a green flame, from which, 
however, a liquid may be condensed, which is heavier than water 
(nitrous^ther being lighter), and boils at 70® — 76® (nitrous ether boil- 
ing at 16*5®}. Gerhardt(2) replied, that the difference of the results 
was caused by Liebig having supported the reaction by heat, whilst 
nitrite of ether was only evolved in the stat^of purity, when there was 
no application of artificial Jbeat ; in repeating the experiment he again 
obtained a colourless gas, possessing the odour of some apples, impart- 
ing a black colour to a solution of green vitriol, and burning with green- 
ish-white flame, from whjjph, however, even by passing it through a 
frigorific mixture, only a trace of liquid could be condensed. — Lau- 
rent(8) subjected 15 — 20 grm. of brucine to the action of nitric acid, 
and passed the vapour disengaged over lime, and subsequently into a 
frigorific mixture ; he obtained about 1 grm. of liquid, which was 
lighter than water, possessed the odour of apples, and could be 
distilled at 10® without entering into ebullition. In ^ iHsifl^Bing 
this liquid, 29 per cent of carbon and 6*1 rf hydrogerf%cre obtained, 
numbers which are in the atomic proportion of 4 C : 6*H, but inferior 
to those representing the composition of nitrite of ethyl, (82*0 and 
6*6), a deficiency which Laurent attributes to a loss in the analysis. 
The amount of nitrogen present LaurenO assumes to be 1 eq., inas- 
much as a liquid boiling at so low a temperature, (which was, however, 
not determined), and containing only 26 per cent of carbon and 6 of 
hydrogen, could not contain more than I eq. of nitrogen. (We here 
observe, that though a connexion has been pointed out between the 
atomic conftitution of compounds and their boiling-points, no rela- 
tion has as yet been established between percentage-composition and 
boiling-point; it is erroneous to assume that we may infer the 
atomic constitution from the boiling-point and then go back to the 
percentage; because the boiling-point may vary considerably if the 
equivaletkl^re different, though the atomic constitution be the same). 
Laurent farther adduces, that Fournet also has obtained in this 
manner a liquid possessing all the properties of nitrous ether, 

(1) ,Aiia. Ch. Phano. LVII, 94, 95. 

(2) J. Pharm. [3] IX, 317. 

(3) Coiiipt. Rend. XXll, 633 ; Ann. Ch. Phya. [3] XXll, 468 ; XXIV, 314 ; J. Pr. 
Chem. XLV, 346. 
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without^ however, specifying to whv:h propeities the term ''all" here 
applies. When the action of nitiic acid upon brucine at the common 
temperature is terminated, the residuary solution deposits an orange- 
yellow, crystalline compound, which Laurent cslU cacotheline, md “ 
for which he proposes the formula C 43 Ilgg N 4 Ogo ; the following 
equation illustrates, according to Laurent, the decomposition of 
brucine by nitric acid, C« H„ N* Os+S (HO, NO,) =C« H*, N, 0,0 
+ 04 Hg O, NOg-f 2 HO. Cacothelme dissolves in aqueous ammonia 
with a yellow colour, which on ebullition, tyirns green, and afterwards 
brown ; once this solution deposited a yellow basic compound, inso- 
luble in alcohol and water, and contammg the elements of hyponitric 
acid ; this compound gave with hydrochloric acid, a solution, yielding 
with ammonia a gelatinous, with bichloride of platinum an orange- 
led precipitate, which, when diied at different temperatures, assumed 
a black or a bluish-black colour. — Bosengarten(l) found that the 
gas evolved when brucine is acted upon by nitric acid m the cold, 
after having been diied by lime and chloride of calcium, contains 
carbon and hydrogen in the atomic ratio 4 61 and even 4 • 6*5, 
which does not agree with the ratio in nitrous ether. In cacothslinc 
he found numbcis closely representing caibon and hydiogenasm 
Laurent^s formula, the nitrogen was about 1 per cent higher. 
Kosengaiten observed that this compound crystallizes from an 
aqueous solution strongly acidulated with nitnc acid, m beautiful 
yellow plates, and that its ammoniacal solution, when mixed with 
nitrate of silver, yields a flocculent piecipitate, detonating on exposuie 
to heat On distilling brucine with sulphuiic acid and bmoxide of 
manganese, the aqueous distillate was found to contain a body of 
pecuhar odour, reducing nitrate of silver, and not altered by po- 
tassa( 2 ). 

(1) Ann Ch. Pharm. LXV. Ill ; J. Pharm. [3] XIII, 232. 

(2) The heavy etheieal body obtained by Liebig is a constant product of the action 
of lulling nitric acid on brucine, and may be condensed by a common cooling apparatus ; 
on passing the vapour evolved in the reaction over lime and chloride of calcium, this com- 
pound may have been condensed ; at idl events, it differs from the substance analysed 
by Laurent. — Baumert found that by treating brucine with binoude of manganese 
and sulphuric acid, a volatile, combustible liquid is obtained, containing two bodieii^ of 
which the one has an acid reaction and reduces silver-salts ; the other, which is the 
combustible body, dissolves in watw in all proportions ; from this solution it is not 
separated by chl ori de of calcium, but by carbonate of potassa. After a first rectification 
over chloride of caimm, it contained 31 per cent of carbon and 12*3—12*5 of hydrogen ; 
after a second, 33*8—33*9 of carbon and 12*3—12*5 of hydrogen. O. Merck, who 
appears to have obtained this body in a more anhydrous state, found, on analysis, 34*5 of 
carbon and 12-2 of hydrogen, and after another distillation, 37*8 of carbon and 12*4 of 
hydrogen, numbers agreeing with the percentage of pyroxylic spirit.— ^WTe may adduce 
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by Woskresensky in cacao-beans^ had 
beeh founds by the same chemist/ to contain CgllgNsOs; this 
formula repnained doubtful/ Woskresensky having omitted to 
control it by a determination of the equivalent of the base. Glas- 
son(l) j in repeating the analysis^ arrived at exactly the same numbers 
for carbon and hydrogen as Woskresensky ; he founds however, 4 
per cent iMs of niteogOn* His results lead to the formula 0^4 Hg N4 O4, 
which ir"confiipmed'byt &^ anidysia of the platinum- and of the silver- 
a»lt/ From a 8oltttk>h of theobromine in concentrated hydrochloric 
acid, the compound C}4 Hg N4 O4, HCl is deposited in crystals, which 
are easily decompoted by water* #t 100'^ the whole of the acid is 
evolved. The nitrate C14 N4 O4, HO> NO5 is obtained in oblique 
rhombic prisms, on dissolving the base in gently heated nitric acid. A 
dilpte solution of nitrate of theobromine yields with nitrate of protoxide 
of silver, difficultly soluble, brilliant needles, which contain 0^4 Hg N4O4 
4-AgO, NO5. Theobromine forms with bichloride of platinum, a 
double-salt, crystallizing in beautiful monoclinometric prisms pre- 
senting combination-planes of 00 F . 0 P. It contains 8*53 per cent 
= 4eq. of water, and is, when dried at 100°, rep:piented by the 
formula C14 Hg N4 O4, HCl, Ft Cl^. 

Glasson^s experiments show that Ilifirii|||^finiih i1 bases form a 
series similar to those of various vokUffe biksis, free from oxygen, and 
of the acids represented by the f€«9(b3ilii(i0^ H^ O4. 

Ci4 Ha N 4 O. CiSrHio N 4 0, - C* H*. 

^ 9 

Theobromine. Caffeine. 

Both bases exhibit the same deportment with oxidizing agents. 
When carefully oxidized, by binoxide of lead and sulphuric acid, 
theobromine yields a weakly acid substance, imparting a purple-red 
colour 'to the skin, and decomposing hydrosulphuric acid, with 
deposition of sulphur. Many organic bases, as is well known, when 
acted on oy powerful oxidizing agents, give’ rise to the formation of 
splendidly coloured compounds ; researches in this direction promise 
results of great importance respecting our ideas of the constitution 
of this remarkable class of bodies. 

A 


here, that la^cine) which presents some analogy with the organic bases, on distillation 
with snlphuiiC acid and binoxide of manganese, yields a volatile combustible liquid, which 
is valeronitrile ; when distilled with binoxide of lead, leucine yields at first butyraldehydc, 
and lastly ammonia, forming in the distillate crystals of butyraldehyde-aminonia. 

(1) Ann. Ch. Pharm. LXI, 335 ; J. Pr. Chem. XL!, 92. 
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cafTetne. — In consequence of Payen^8(l) statementi that caffeine ' 
contains CjgHioN^Oj, Nichol8on(2) has repeated the analysis of 
this base, and of its platinum- compound. His results confirm, as 
was to be expected, the formula which had ^en 

established by the well-concordant experiments of Liebig and 
Pfaff, Wohler, Mulder, and Stenhouse. Incidentally to his 
experiments, Nicholson has examined several new cafibine double 
salts . — Nitrate of protoxide of Mver-eaffeme^ C15H10N4Q4, AgO, 
NOg, crystallizes in white hemispheres, which are deposited on the 
sides of the vessel, on adding an excess of nitrate of protoxide of 
silver to a concentrated aquelftis, or to an alcoholic solution of 
caffeine.— Caj(fme-^ro/ocAfoncfe of mercury, Ci^ H,oN4 O4, 2 Hg Cl, 
forms needles resembling the base, which are readily soluble in 
water, alcohol, hydrochloric," and oxalic acids, but almost insoluble in 
ether. — Caffevne-gold-salt, Ci^ Hjo N4 O4, HCl, Au CI3, is obtained 
as a beautiful lemon-yellow crystalline precipitate, on adding an 
excess of terchloride of gold to a concentrated solution of caffeine 
in hydrochloric acid. When washed with water, and dissolved in 
alcohol, it deposits long orange-yellow needles. When heated, the 
solution is decomposed, with separation of metallic gold. — Caffeine 
combines also with cyanide of mercury, and protoehloride of palla* 
dium. 

According to llochleder( 3 ) caffeine contains part of its carbon 
and nitrogen in the form of cyanogen; when boiled with poly- 
sulphide of ammonium, it yields a liquid, giving with sesquichloridc 
of iron, a transient reaction of hydrosulphocyanic acid; when heated 
with soda-lime to 18 (P, together with carbonic acid and ammonia large 
quantities of cyanide of potassium are produced. A similar deport- 
ment is not exhibited by piperine, morphine, quinine, and cinchonine. 
On ebullition with chlorate of potassa and hydrochloric acid, caffeine 
is converted into a new body of a peculiar odour, whose solution 
reddens the skin, and assumes with the alkalies, and with salts of 
protoxide of iron an indigo-blue colour. Similar phenomena had 
been observed previously by Stenhouse when oxidizing caffeine with 
nitric acid, and by Glasson when treating theobromine with 
binoxide of lead and sulphuric acid. — Bichloride of platinum and 
caffeine yields on ebullition with dilute nitric acid a new double 
salt, crystallizing in six-sided tables. 

(1) J. Pr. Chem. XXXVIII, 437 5 Berzelius' Jahresber. XXVII, 339. 

(2) Ann. Ch. Phann. LXII, 71 5 J. Pr- Chem. XLI, 457 ; PhU. Mag. [3] XXXI, 115 5 
Chem. Soc. Mem. Ill, 321 : J. Pharm. [3] XII, 293. 

(3) Ann. Ch. Pharm. LXIll, 201. ‘ 
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* Mrberuie. — ^Bodeker(l) has proved that the eolombo-root of phar- 

maceutists^ contains togelher with columbine and columbic acid a con- 
siderable quantity of berberine, combined with the latter acid. It is 
deposited in the yellow layers of the cellular membranes^ mixed with 
a fatty substance^ while columbine exists in the crystalline state in 
the c^ of the root. Bodeker^s analyses confirm the formula 
C 43 Hig. N Og, proposed for berberine by Fleitmann. Berberine, 
when distilled with milk of lime or with hydrated protoxide of lead 
yields chinoline. 

G. Kemp(2) recalls the fact^ that as far back as 1839^ therefore 
before Fleitmann^ he has pointed oiiV^the faculty possessed by berbe- 
rine^ of combining with acids; he believes that Fleitmann’s formula 
is incorrect^ and proposes on the ground of the analysis of the 
platinum-salt (experiment 46'23 of carbon^ 3*68 of hydrogen^ and 
18*06 of platinum) the formula C 42 N O^. It was, however, 
proved by Bodeker, that the platinum-salt, when carefully prepared, 
yields the proper percentage (17*53) of platinum. 

Harmailne. — Fritzsche(3) has published a comprehensive inves- 
tigation of harmaline and harniine, two organic bases^ coi:i|;ained 
ready formed in the seeds of Peganum Harmdla ^ « the ibrmcr 
of which, discovered by Gobel in 1837, had been subjected to 
analysis by Varrentrapp and Will. Both bases occur in the 
shell of the seed and in the membrane just underneath it, While the 
interior nucleus is almost free. They are obtained by the following 
process : the seeds are finely powdered, and exhausted with water 
containing sulphuric or acetic acid; on nearly saturating the 
coloured extract with carbonate of soda, and adding chloride of 
sodium, the bases are perfectly precipitated in the form of hydro- 
chlorates, the filtrate yielding scarcely a farther trace on addition of 
potassa. The precipitated hydrochlorates, which are still coloured, 
are washed with a concentrated solution of chloride of sodium, dis- 
solved in water, and decolourized by animal charcoal; the yellow 
filtrate is heated to 60 — 60^, and gradually mixed with ammonia, 
the liquid being continually and strongly stimd, when first harmine 
is precipitated, which under the microscope appears in needles, whilst 
harmaUne forms plates. On carefully adding ammonia an accurate 


(1) Ann. Cli. Pharm. LXYI, 384; LXIX, 37; J. Pr. Chem. XLllJ, 501; Instit. 
1848, 193. 

(2) Gheiq. 6m. 1847, 209. 

(3) PeterBb. Acad. Bull. VI, 49; J. Pr. Chem. XLl, 31; XLII, 275 ; Ann. Ch. 
Pharm. LX1V,.360; J. Pharm. [3] XllI, 373. 
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separation is effected; finally, tlie harmaline is precipitated by an 
excess of ammonia. Fritzsche obtained from the seed nearly 4 per 
cent of bases, of which •§ were harmaline. The crnde harmaline is 
purified by suspending in water, adding, drop by drop, acetic 
acid, until the larger portion is ^ssolved, and precipitating the 
dilute filtrate by means of nitrate of soda, chloride of sodium or 
hydrochloric add ; the harmaline-salt thus produced, after having 
been washed with a dilute solution* of the precipitant, is dissolved in 
hot water, digested with animal charcoal, until the solution appears of 
a pure sulphur-yellow, and, while still hot, it is precipitated by an 
excess of potassa. If the basel be still coloured, the whole operation 
or part of it, has to be repeated. On filtering and washing, harmaline 
assumes usually a brownish colour, which occurs even more readily if 
ammonia has been used as the precipitant^ The base forms leaf-like 
expanded, scaly crystals, of nacreous lustre, which are the larger, the 
slower the precipitation took place. If air be carefully excluded, har- 
maline is deposited from alcohol in large colourless crystals, whose 
form, according to Nordenskidld'8(l) determination is a rhombic 

pyramid P with co Poo, go Poo and P oo . The ratio of the prin- 
cipal and both lateral axes is 1 : 1'SOl : 1*415 ; the angles of the 
terminal edges at P are 116”34' and 131®18', the angle of the lateral 
edges is 83054'. 

Harmaline is difficultly soluble in water, and nearly tasteless ; the 
salts have a purely bitter taste. It dissolves slightly in cold, and 
readily in boiling alcohol, ether^dissolves so little, that alcoholic 
solutions are precipitated by ether. Harmaline, when heated with 
ammonial salts, liberates the ammonia. In analysing this base, and 
several of its salts, Fritzsche obtained results, which can be recon- 
ciled only with the formula H^^ Nj Oj (theory 73*6 of carbon, 
6*34 of hydrogen, and 12*7 of nitrogen; experiment 78*16 — 78*92 
of carbon, 6*52 — 6*70 of hydrogen, and 12*33 of nitrogen). This 
formula is supported by the analysis of harmine, and the bases 
produced from harmaline by the action of nitric and hydrocyanic 
acids, which will be mentioned hereafter; still it is suspicic^ on 
account of the odd number of carbon-equivalents; which, as in the 
case of berberine, closely allied with harmaline, may probably be 
raised to a number divisible by 14, namely, to 28, if the determina- 
tion of the carbon be again carefully repeated. 

The salts of harmaline are of a pure sulphur-yellow; even the 


(l) Petersb. Aead. BaiL VI, 58. 
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purest^base yields yellow solutions^ which impart a yellow colour to 
cloth mordantized with alum ; this colour^ however^ is so feeble^ and 
el .so little stability^ that Imnualine cannot be classed among the 
Colourhig matters. ^ 

JSy^ochlorate of hamalim^, Ng O3, HCl+4 HO, is best 

prepared by precipitating the acetate with an excess of hydrochloric 
add, and washing the predpitate with the add in a dilute state ; it 
forms delicate yellow needles, containing 12*80 per cent (4 equivs.) 
of water of> crystallization, and is readily soluble in water and alcohol. 
r^HpAiodate md kydrobromate ofhartnaline resemble the preceding 
aalt.-^The platinum^aalt is yi^llow and crystalline, and contains 
Cg,^Hi 4 Ng 02 ,HGl, PtClg (thwry $8*07 of carbon, 8*61 of hydrogen, 
and 28*12 of platinum*; experiment 87*62 of carbon, 8*54 of hy- 
drogen, and 28*27 of platinum) .-^-Harmaline produces a crystalline 
compound also with protochloride of mercury. — Of the numerous 
salts described by Fritzsche, we mention the two combinations with 
chromic acid. The neutral chromate is formed by saturating a 
solution of acetate of harmaline with solid neutral chromate of 
potassa, when the neutral chromate of harmaline is separated after 
some time in &rm'of a yellow thick liquid which is soluble in water, 
and gradually becomes crystalline and insoluble when left to itself. 
Bichromate of harmaline, O 4 , precipitated 

in orange-red tufts of crystals, ilii 1 1 chromic acid 
or bichromate of potassa to a soluti^ilofiiJliStei base. " The precipitation 
is nearly complete. When heated aboite 120° it is decomposed into 
harmine, which sublimes, and containing scsquioxide of 

chromium. — ^There exists a and a bisulphate of harmaline ; 

both are crystalline ; the sulptS^ forms a yellow varnish ; the hydro- 
ferrocyanate is a brick-red po4fder ; the hydrofcrricyanate crystallises 
in greenish-brown prisms, the hydrosulphocyanate, nitrate and phos- 
phate in yellow needles. Hydrosulphatc and carbonate of harmaline 
(deposited in the crystalline form, the former, by adding to the acetate 
sulphide of ammonium, the latter, by decomposing the acetate with 
bicarbonate of soda) 'are rea^y decomposed.*^ Acetate of harmaline 
crystallizes only with difficulty; when heated it loses the acid. 

Harmine. — Barmme^), (formerly Sdled leucoharmine by 
Fritzsche), as stated above, is ready formed in harmala-seed, together 
with harmdine, and may be artificially prepiund from the latter. On 
heating chromate of hamaline to 120^ in a ^paeious flask, air being 
as carefully as possible excluded, a sudden deconqposition takes place 

<1) Peteirsb. Acad. Boll VI, 242. 
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in the whole mass, hamine being formed, part of which sublimes. The 

residue (amounting to 65 per cent) yields to alcohol or wateriiacidu- 
lated with hydrochloric acid the new base (about 25 per oenif of the 
harmaline-salt employed), .which may be precipitated from th6 acid so. 
lution by an alkali. Harmine is obtained in larger quantity byshaating 
nitrate of harmaline with a mixture of alcohol and hydroohleyfilP acid, 
until ebullition ensues by the action of the acid on the alcdhS^i On 
rapidly cooling, hydrochlorate of harmine is precipitated, which is 
dissolved in water, and precipitated by an alkali. The crude 4iSrmine, 
containing harmaline, is dissolved in alcohol and a sufficient fimouut 
of hydrochloric or acetic acid ; the Solution is digested with/animal 
charcoal, and, while still hot, precipitated with a sufficient quantity 
of ammonia. On rapidly cooling, harmine separates first in csSystals, 
from which the mother-liquor has to be decanted directly .-^Harmine 
forms colourless> very brittle crystals, very brilliant and powjBrfully 
refractive of light ; their form is a rhombic prism of 124^16. and 
55*’42^. It exhibits the same solubility as harmaline, but is less 
basic; its salts are colourless, and of a purely bitter taste,, when 
mixed with an alkali, they yield oily droplets. Which gradually 
become crystalline, just as in the case of the harmaline-salts. 
Fritzsche proposes the formula N2 O2 for this base; (theory 

74*35 of carbon, 5*49 of hydrogen, and 12*83 of nitrogen ; 5 expe- 
riments gave 73*89 — 74*61 of carbon, 5*32 — 5*77 of hydrogen, and 
13*02 of nitrogen). Hence the conversion of harmaline into harmine 
is due to the elimination of 2 equivs. of water. 

Hydrochlorate of harmine, C27 Hj2 Ng Og, HCl-f 4 HO, separates, 
nearly completely, on addition of an excess of dilute hydrochloric 
acid to a solution of the base in this acid. It forms delicate needles, 
containing, when dried in the air, 12*38 per cent (4 equivs.) of 
water; from strong alcohol it crystallizes without water. — ^The 
platinuTn^alt contains, according to Fritzsche^s analysis, 87*90 
of carbon, 8*17 of hydrogen, and 28*25 of platinum ; the formula, 
C27 HigNgOg, HCl, PtCla, requires, 88*26 of carbon, 8*06 of hydro- 
gen, and 28*23 of platinum. — ^Both the neutral sulphate, H12 N2 
Og, SOg^ 2 HO, the bisulphate, Cg^ Hjg Ng Og, 2 (HO, SO3), and the 
binoxalate, C27 Hjg Ng 2 (HO, Cg Og), form needle-shaped cry- 
stals. The solution of acetate of harmine is decomposed, on evapora- 
tion, with separation o^e base ; the bichromate, C27 H|g Ng Og, HO, 
2GrO^ when heated, Imibits a deportment similar to that.pf the- 
harmalme-salt, a new base being produced, which has ndt, as yet, 
been farther examined. Combinations with carbonic and hydrosul- 
phuric acids, could not be obtained. 
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^hSt& MYAro^Aiidhiiraaaiie.^Harmalme has a remarkable tendency to 
combine with hydrocyanic acid, a substance being produced which 
cstinot be considered as a hy^cyanate, inasmuch as it is decom- 
posed neither by alkalies^ nor by strong acidSt but possesses the 
properties of an organic base, f'ritzsche calls this substance 
hydtoq/anoharmaUne{l). It is prepared by dissolving harmaline in 
a dilate alcoholic solution of hydro^anic acid, or by adding hydro- 
cyanic acid to the acetate, or more rapidly, by decomposing a 
harmaline-salt with cyanide* of potasBiutn# From an aqueous 
solution this compound is precipitated "In the amorphous, from an 
alcoholic solution, in the crystaOme state ; an admixture of harma- 
line may be rem&ved by j^ute acetic acid. Hydrocyanoharmaline 
crystallizes in thin rhombic plates, which are not altered in the air ; 
at 180®, or by ebullition with water or alcohol, they are completely 
decomposed into hydrocyanic acid and harmaline. Analysis led to 
the formula, Cjj 9 Hi 5 N 8 02t=:C2yHx4N2 0a, HCy (theory 70*68 of 
carbon, and 6*05 of hydrogen ; experiment 69*81 of carbon, and 
6*49 of hydrogen). Hence it contains 10*92 per cent of hydro- 
cyanic acid (experiment 10*96). 

Hydrocyanoharmaline saturates the same amount of acid as the 
harmaline contained therein; its salts, which are colourless, are 
formed by directly acting with the acids on the compound ; they are 
readily decomposed by drying 'and keeping into hydrocyanic acid 
and yellow salts of harmaline; thit decompositito eneUei^^#lin, if 
dilute solutions be employed in preparing thclpB^ Hydro- 

chlorate of hydrocyanoharmaline, C 29 Hj 8 *N^ 4 l^A(^b ^ottub micro- 
scopic rhombic octohedrons, with secondary planes (theory, 12*85 ; 
experiment, 12*86 of hydrochloric acid). When heated with an 
excess of nitric acid, hydrocyanoharmaline is ^nverted, with evolu- 
tion of nitrous fumes, into a purple-red li^d, which, on cooling, 
deposits a powder of the same colour, but vb^ unstable, and turning 
green when treated with ammonia. Together with this red com- 
pound other 8ubstanq||i are produced, which Fritzsche has not 
as yet examined. 

Nitroiiarmiiiine. — -l^ts base, which Fritzsche described for- 
merly under the name chrysoharmine, is obtained by the action of 
an excess of nitric acid upon harmaline, which loses 1 equiv. of 
hydrdgen, and assimilates 1, e^uiv. of hyponitijie acid(2). Fritzsche 

(1) PMenb. Aoad. VI, 28S ; I FT. Cbem. XUll, l44 1 J. Pliarm. [3] XIV, 73; 

Ann. Cb. Pbann. LXVllI, 351^ 

(2) Petenb. Aesd. BuU. VII, 129; J. Pr. Chem. XLtV, 370; Ann. Cb. Pbarm. 

LXVIII,35^. ' ' 
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recommends to heat gentl]^ a solution of 1 part of harxnaline in 
from 6 to 8 parts of alcohol of 80 per cent^ with a mixture of 2 parts 
of sulphuric acid, and 2 parts of moderately concentrated nitric 
acid ; after a short ebullition the liquid is rapidly cooled, when the 
base is separated as bisulphate* This salt is washed with alcohol, 
acidulated with sulphuric acid, dissolved in hot water, and decom- 
posed by an alkali, with the precaution of adding the latter drop by 
drop to the cold solution, until a slight but permanent precipitate is 
produced, and the filtrate has assumed <a pure golden-yellow colour; 
this is now mixed with a few drops of an acid, heated to 40® — 60®, 
and completely precipitated by an excess of alkali. If nitroharma- 
line contain an admixture of harmaline, or harmine, the mass 
is suspended in water, and dissolved in a satiyrated aqueous solution 
of sulphurous acid, when sulphite of nitroharmaline is rapidly 
deposited, which is washed with sulphurous acid, and decomposed as 
above directed. 

Nitroharmaline forms pale-yellow, very slender prisifis, which 
are but slightly soluble in cold, but dissolve more readily in boiling 
water; its saline solutions are not completely precipitated by the 
alkalies. It is easily soluble in alcohol, and both ethereal and fatty 
oils, but only slightly so in ether; a cold saturated alcoholic solution 
of the base is not precipitated by ether. At the boiling tempera- 
ture, nitroharmaline decomposes the salts of ammonia. In four 
analyses of this compound, Fritasche obtained 60*87 — 61*84 of 
carbon, 5*01 — 6*22 of hydrogen, and 14*61 — 16*24 of nitrogen. 
On these data, and on the analysis of the hydrochlorate and the 
platinum-salt, he calculates the formula C 27 H 13 N, Og, which 
requires 61*17 of carbon, 4*89 of hydrogen, and 15*83 of nitrogen. 

Hydrochlorate of nitroharmaline, C 37 Hjg Ng 0^, HCl (theory, 
12*08; experiment, 12 * h 4 of hydrochloric acid), is obtained by 
adding hydrochloric acid to an alcoholic solution of the base, or 
to an aqueous one of th^ acetate ; it forms yellow, slender prisms. — 
The platinum-salt is a pale-yellow, flocculept precipitate, which 
gradually becomes darkei^ and crystalline ; it contains Hjg N 3 Og, 
HCl, Pt Cljj (theory, 34*48 of carbon, 2*96 of hydrogen, and 20'91 
of platinum; experiment, 84*21 of carbon, 8*08 of hydrogen/ and 
21*09 of platinum). — There exists a neutral sulphate, and a bieuU 
phate of ^Toharmalvae ; they are both yellow ’hnd crystalline, 
the former easily, the, litter but sli^y soluble in cold water; 
the bisulphate has the formula H^g N3 Og, 2 (HO, SO3), (tl^ry 
22*04, experiment 21*98 of sulphuric acid). Fritzsche mentionf, 
moreover, compomjids of nitroharmaline with protochloride of 
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mercury, with hydriodic, hydrobromic, hydroferro-, hydroferri-, and 
bydrosulphocyanic acids, with sulphurous, nitric, carbonic, oxalic, 
acetic, and chromic acids. The carbonate exists only in solution; 
the oxalate and acetate are both very soluble. Nitroharmaline 
exhibits the same deportment with hydrocyanic acid as harmaline, 
a new compound being produced, which has not yet been more 
minutely examined. 

Corydaline. — In subjecting this body to a new analysis, Ruick- 
holdt(l) has obtained results differing from those of Fr. Dobc- 
reiner. He found 60*19 of carbon, 5*89 of hydrogen, 3*01 of 
nitrogen, and 30*89 of oxygen ; th$ formula C 45 II 27 N Oi^, however, 
which he deduces from these results deserves no confidence. Wac- 
kenroder( 2 ) states that hydrochlorate of corydaline crystallizes in 
right rhombic prisms, with right six-sided terminal planes ; they are 
yellowish-g^een, brittle, and or a penetrating bitter taste. It dis- 
solves in Water and alcohol, and yields, with ammonia, white flakes 
of coryddine } the base is easily soluble in an excess of soda. 
Hydrochlorate of corydaline loses, according to Wackenroder, 
at 100®, W *6 per cent, at 170®, 8*01 per cent more of water, and 
contjsifis 1H*78 por cent of hydrochloric acid; upon these data, 
Wackenroder calculates the formula CgoHgoN 2 HCl + 12 HO, 
which likewise requires additional experimental evidence. — Ruick- 
holdti in preparing the base from the tubers of Corydalis tube- 
rosa, used a method, not essentially differing from that of Wacken- 
roder(3), and by which corydaline appears to be partially converted 
into the amorphous state. < 

iNffltaiine. — W alz(4) recommends the following method of prepa- 
ring digitaline, as the most appropriate. The alcoholic extract of 
the dry plant (prepared with eight times its weight of spirits of 
wine, of the spec. grav. 0*852) is treated with water, as long as it 
yields to it a bitter taste. The aqueoua solution thus obtained is 
digested with levigated protoxide, and mixed with tribasic acetate of 
lead, until the lattqr ceases to produce a farther precipitate; the 
filtrate 'is then fr^rifrom lead by sulphuric acid, neutralized with 
ammonia, and the mgitaline is precipitated by means of tannin. It 
is washed ahd» triturated either with freshly precipitated protoxide of 
lead, or With a mixture of the common protoxide and the tribasic 


(1) Arch. PhBim. [2] XLIX, 139; Ann. Ch. Phaim. LXIY, 369. 

(2) Ibid. [2] XLIX, 153. 

(3) Kastn. Arcb. VII, 417 ; Berzelius’ Jahresber. Vll, 220. 

(4) Jahrb. Pr. Pbarm. XIV, 20. ♦ 
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acetate, and repeatedly exhausted with alcohol. The extract, when 
treated with hydrosulphuric acid, and gently evaporated, deposits the 
base as a crystalline, yellowish-white mass. — In order to save alcohol, 
the aqueous decoction of the plant may be treated in the same 
manner as the aqueous solution of the alcoholic extract. 

oratioune. — By subjecting Gratiola officinalis to the process 
indicated for digitaline, Walz(l) obtained a substance very similar 
to the latter compound, which he terms gratioline. 

Asrostcmmine. — ^By exhausting the seed of Agrostenma Githago 
with dilute spirits, containing acetic acid, boiling the tincture, when 
freed from alcohol, with magnesia, and treating the precipitate, thus 
obtained, with alcohol, Schulze( 2 ) obtained yellowish-white fusible 
plates, difficultly soluble in water, but more readily so in alcohol. 
The solutions of this substance, which presents all the characters of 
an organic base, have an alkaUne'^reaction. Agrostemmiife, the 
peculiarity of which has still to be decided by elementary analysis, 
occurs, according to Schulze, principally in the seed-vessel of the 
plant. * , 

Organic Bases containing Pho8plioras.—P. Thenard has made 
the following addition8(3) to his former preliminary coipmunica- 
tions(4), respecting the compounds formed, at a high temperature, 
by the action of chloride of methyl on phosphide of c^eittm. This 
process gives rise to the production of five new phosphorus-|jK>die 8 , 
two of which are solids, while the remainder are liquids. One of the 
latter is a powerful organic base, CgHgP, which, by .oxidation, k 
converted into an acid ; the other is a colourless, transparent, syrupy 
liquid, insoluble in water, and of a very disagreeable odour. This 
compound which contains Hg P, boils at* 250® ; it is self-inflam- 
mable ; when exposed, however, to the gradual action of oxygen, it 
is transformed into a crystalline acid. When treated with hydro- 
chloric acid gas, it yields first a stable crystaltme salt, and subsQii 
quently an acid liquid compound of less stability : the last prodUcti^" 
of the action of hydrochloric acid are the hydrochlorate of the base 
Cg Hg P, and a yellow body Cg H 3 Pg, which is ^tasteless and inodo- 
rous. — ^The crystalline hydrochlorate of the compound is 

soluble, without decomposition, in water at 0. When gently heated, 
however, it assimilates the elements of water, and yields the same 


(1) Jahrb. Pr. Pharm. XIV, 22. 

(2^ Arch. Pharm. L2] LV, 298; LVI, 163; Ann. Ch. Pharm. LXVIIl, 350. 

(3) Compt. Rend. XXV. 892 ; PhU. Mag. [3] XXXII, 153. ' 

(4) From Instit. 1846, Nr. 602 in Berzelius’ Jabresber. XXVI, 598. 
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acid which arises from the base Cg Hg P, and a new gas Cg Hg P 
=€2 Hg, PHj j the latter combines with an equal volume of oxygen, 
and IS converted into a veiy acid liquid ; with 1 or 2 vols. of hydro- 
chloric acid gas it is condensed into a crystalline compound, from 
which the new gas is liberated again on addition of water. P. Thc- 
nard considers these most remarkable bodies to be compounds of the 
three hydrides of phosphorus, Pg II, PHg and PH3, with 1, 2 , or 
8 cquivs. of methylene,* Cg Il 2 * Hence, the base is PH^, SCgHg, 
the self-inflammable body, PHj, 2 63 H^, and the yellow compound, 
P 2 H, C 2 H 2 . Thenard mentions, moreover, that a senes of similar 
bodies is produced, by the action of chloride of ethyl upon phosphide 
of calcium. The interest excited by these compounds, is still raised 
by the discovery lately (ISIjO) made by Wurtz(l), that ammonia 
yields analogous bases with methyl and ethyl, confirming, m a beau 
tiful manner, a conjectuie previously enunciated by Thenard. 

Thiaiditic. — Py passing hydiosulphuric acid gas through a solu- 
tion of aldehyde-ammonia (lice fiom alcohol and ethci), in fiom 
12 — 15 parts of water, containing for e\ciy ounce of liquid about 
ten or fifteen drops of ammonia-solution, Licbig and Wohlcr( 2 ) 
obtained large, cam ph 01 -like ciystals of a new organic base, free 
from oxygen, but containing sulphur, which they designate by the 
name* thiaJdine (contracted from sulphur, and alddiyde). 

The ciystals, which aic completely deposited after four or five houis, 
arc collcctc'd on a funnel, freed from sulphide of ammonium by 
washing with water, and diied between bibulous paper. Their 
solution in cthtr containing \ of its bulk of alcohol, when slowly 
evaporated, yields regular rhombic tables of considerable si/e. — 
It happens, sometimes, that instead of the ciystals, a colourless 
heavy oil, of a most oflcnsive odour, is produced ; in this case, the oil 
IS allowed to subsi^, and after the separation of the aqueous layer 
it IS agitated with*^ vol. of ether, m which it dissolves foithwith. 
This cthcieal solution is mixed with a little hydiochloric acid, m a 
well-coikcd flask ; a magma of crystals of hydrochloiate of thialdme 
IS at once produced, which is collected upon a filter, and separated 
from adhcimg oil by means of ether. The base itself is finally 
obtained by wetting the dry hydrochlorate with concentrated ammo- 
nia, and dissolving the thialdme in ether. It is then crystallized m 
the above manner. — Thialdme is obtained in colourless transparent 

(1) Compt Rend. XXVIII, 223. 

(2) Ann Ch. Pham. LXI, 1 , Phil. Mag [3] XXX, 470; Chem Soc Mem 111,303 ; 
J. Pharm. [3] XI, 398. 
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brilliant crystals^ of the form of gypsam^ powerfully refracting light, 
and possessing a peculiar aromatic, and after some time, disagreeable 
odour. They fifse at 43®, and solidify at 42®, with crystalline 
structure; they evaporate even at the common temperature, and 
may be volatilized with water, but like aldehyde-ammonia, cannot 
be distilled alone without decomposition. — ^Thialdine is but slightly 
soluble in water, but dissolves readily in alcohol and ether; when 
powdered, it liquefies in ether-vapour. Tliialdine is without alkaline 
reaction ; it contains IIj^ N S^. — Tlie formation of thialdinc is 

represented by the following equation : 

3 C 4 Ily N Oa + 6 HS * C ,2 N S 4 + G IIO + 2 Nn 4 S. 

^ y M, / * ^ 

Aldehyde-ammonia. Thialdine. 

According to Wohler afid Liebig, it may be considered as a con- 
jugate compound of 1 cquiv. of NH^ S, with 3 H 3 S, i. e. with 
3 equivs. of a sulphide corresponding to oxide of acetyl. — ^The coru- 
j) 0 und 8 of this base, with acids, are readily crystallizable, soluble 
in alcohol, and insoluble in ether. When heated with nitrate of pro- 
toxide of silver, they are decomposed like thialdinc itself, protosulphide 
of silver being precipitated, and aldehyde evolved. — Protocyanide of 
mercury yields, with thialdinc, a white precipitate, which, on ebulli- 
tion, is inverted into amorphous protosulphidc of mercury.* On 
performing this reaction in a retort, a fine sublimate is formed, 
consisting of delicate needles, which are insoluble in water, but 
dissolve in alcohol and ether : this substance is not yet sufficiently 
examined, it appears to be thialdinc, in which part, or the whole of 
the sulphur is replaced by cyanogen. — When heated with hydrate of 
lime, thialdine yields leucolinc . — Hydrochforate of thialdine, C^o H 13 
N SpIICl. A saturated solution of the base in dilute acid yields, 
on evaporation, colourless transparent brilliai^ prisms, frequently 
of an inch in length, which turn brown on heating, with evolution of 
an offensive gas, chloride of ammonium being sublimed . — Nitrate of 
thialdine, C ,3 ^10, NO 5 . It is best prepared by agitating an 

ethereal solution of impure thialdine with moderately strong nitric 
acid, washing with ether the crystalline magma produced, and 
recrystallizing from water. It forms delicate white needles, veiy 
soluble in water, but insoluble in ether. — If crystallized thialdinc be 
left for some time in contact with sulphide of ammonium, a heavy 
oleaginous body is produced, which is not miscible with water; 
the same body is frequently obtained in preparing thialdine. This 
substance, as well as the cyanogen-product above-mentioned, deserve 
a more minute examination. 


Thialdine. 


& k2 
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seienaidine. — ^By passing into aldehyde-ammonia a current of 
hydroselenic acid (disengaged from selenide of iron by dilute sul- 
phuric acid^ in an air-tight apparatus)^ Liebig and Wohler obtained 
crystals of aelenaldiney apparently isomorphous with thialdine^ but of 
so little stability that they could not be subjected to analysis. It has 
a feeble^ but disagreeable odour^ and assumes at once a yellow colour^ 
when exposed to the air ; its solution^ too^ deposits^ in contact with 
air, immediately, an orange-yellow amorphous body, insoluble in 
alcohol and ether, and fusible in hot wal^r. They did not succeed in 
preparing telluraldine. 

capbothiaifiiiie. — According to Liebig and Bedtenbacher(l), 
if bisulphide of carbon be added to an alcoholic solution of alde- 
hyde-ammonia, brilliant %hitc ciystals of a new base are deposited, 
after some minutes, for which they propose* the name carbothialdine. 
It is insoluble in water and cold ether, but dissolves readily in boil- 
ing alcohol, from which it crystallizes without alteration. It is* 
likewise soluble, without decomposition, in dilute hydrochloric acid ; ^ 
the solution solidifies, after some time, to a yellowish-white magma, 
insoluble in water ; when boiled with hydrochloric acid, carbothial- 
dinc yields chloride of ammonium, bisulphide of carbon, and alde- 
hyclc. On adding to a hot alcoholic solution of carbothialdine, 
oxalic acid and subsequently ether, oxalate of ammonia is separated 
in crystals ; silver-salts produce a greenish-black precipitate, which 
is rapidly converted into protosulphidc of silver ; with protochloride 
of mcrcuiy and copper-salts, plrecipitates, respectively yellowish-white 
and green, arc formed. Analysis led to the formula Cg. Hg N Sg, 
which may, perhaps, be doubled or quadrupled by a determination of 
the equivalent, which is still wanting. The formation of carbo- 
thialdine is represented by the following equation : 

C4 N O3 + CSg — Ho Oj =. Cj Hj NSj 
Aldehyde-ammonia. Carbothialdine. 

Cyanetiiine. — According to Frankland and Kolbe(2) cyanide of 
ethyl, as mentioned under that head, when acted on by potassium 
yields a gas presenting the composition and condensation of methyl, 
Cj 3 Hg, a viscid yellowish residue being left, which should contain 
carbon, hydrogen and cyanogen in the relation expressed by the 
formula Cg H 2 Cy. Cold water extracts from this residue a con- 
siderable quantity of cyanide of potassium, a white body remaining, 

(l) Ann. Ch. Pharm. LXV, 43. (2) Ilnd. 269 s Chem. Soc. Qu. J. I, 60. 
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which crystallizes from a boiling aqueous solution in nacreous plates^ 
presenting the properties of an organic base for which Frankland 
and Kolbe^roposc the name cyanetkine . — Cyanethine is white^ in- 
odorous and tasteless ; it fuses at boils at 280", with partial de- 
composition, and dissolves readily in alcohol, but only sli^tly in cold 
water. It has a feebly alkaline reaction; ebullition with potassa- 
solution, or fusion with the hydrate, have scarcely any effect upon it. 
Analysis led to the formula N 3 , showing that it has the 

same composition as cyanide. of ethyl, but the triple equivalent. 
Cyanethine is readily soluble in acids, giving rise to the formation of 
salts soluble in water and alcohol, which have an astringent bitter * 
taste; from these salts, part of which crystallize with remarkable 
beauty, the base is precipitated both by caustic and carbonated 
alkalies , — Nitrate of cyanethine Cjg Hjg N 3 , HO, NO 5 is neutral; it 
crystallizes in large colourless crystals; the sulphate and hydro- 
chlorate are uncrystallizable. The platinum-double salt Cjg N,, 
II Cl, PtCl 2 , crystallizes from water in large ruby-red octohedrons, 
which arc pretty soluble in alcohol, and in a mixture of the latter 
with ether. The conditions which occasion the transformation of 
cyanide of ethyl into cyanethine have not been discovered by Frank- 
land and Kolbe ; it is formed in small quantity (only a small per- 
centage of the cyanide of ethyl employed), by adding the cyanide, 
drop by drop, to potassium ; by operating in the reverse manner, no 
cyanethine is obtained. Cyanide of ethyl is not changed when 
exposed^with dry cyanide of potassium to a temperature of 24(y in a 
sealed tube. 

Organic liases In * Oleum AnimiUe BIppelll.’ — Anderson (1) has 
published an investigation of the organic bases contained* in, the 
products of distillation of animal matters. As material he used oil 
of marrow, obtained in the preparation of bone-black, and consisting 
chiefly^ the"*products of decomposition of gelatine, inasmuch as the 
bones previously to their distillation in iron cylinders are boiled with 
large quantities of water, in order to separate the fat. The crude com- 
mercial oil is dark-brown, nearly black, and of a spec. grav. 0*970. 
It yields its basic constituents to acids, which, when employed in the 
concentrated state and in excess, dissolve also a non-basic oil which 
is readily decomposed; by the alkalies an acid oil is extracted, and 
a pretty considerable quantity of hydrocyanic acid. Firewood moist- 
ened with hydrochloric acid, when exposed to the vapour of the crude 

(1) Trans. Royal Soc. of Edinb. XVI, 4; Phil. Mag. [3] XXXIII, 174; Ann. Oh. 
Pharm. LXXX, 32 ; J. Pr. Chem. XLV, 153; J. Pharm. [3] XIV, 372. 
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to 9 M"in rapidly assumes the purple-red colouration characterizing pyrrole. 

®y subjecting the oil in portions of about 15lbs. to fractional distilla- 
Dippeitu tion, in half-filled iron retorts, at first an aqueous UquidWs obtained, 
containing ammonia and volatile bases^ while at the same time a 
yellow oil passes over. The last three-fifths of the distillate become 
darker, and less fluid in proportion as the boiling-point rises ; the 
last portion exhibits a transitory dark reddish-brown colour in trans- 
mitted, a green colour in reflected light, and becomes rapidly 
opaque. All the distillates contain basic bodies, about | per cent 
of the crude oil consists of more volatile and from 2 to 8 per cent of 
*leBS volatile bases. Anderson first describes the separation of the 
bases in the more volatile portion of the distillate. This liquid is 
left in contact with sulphuric acid containing 10 parts of water for 
eight days or a fortnight ; more water is then added and decanted ; 
this treatment is repeated until basic bodies cease to be dissolved. 
The red or dark-brown liquid, which contains non-basic oils and 
pyrrole, is mixed with more sulphuric acid, evaporated, filtered, and^ 
distilled with an excess of alkali. The first distillate is an aqueous 
solution of the more volatile bases ; the receiver is changed as soon 
as an oil passes over, which is heavier than water ; the oil floating on 
the surface of the concentrated salt-solution in the retort contains 
some of the less volatile bases. On adding solid potassa to the 
distillate, the bases dissolved are separated, with the exception of a 
small quantity of those which arc most volatile, and which can be 
obtained only by distilling with a very large excess of potassa. On 
submitting the mixture of bases to fractional distillation, ammonia is 
disengaged first; at 71® the liquid enters into ebullition, a light 
transparent oil passing over; from 100® the receiver is changed 
every 10®. In this manner considerable quantities of distillate are 
obtained between 132 and 137® ; the thermometer then rises rapidly 
until another basic oil is obtained between 151 and 179°, which is 
only difficultly soluble in water; as soon as the distillate, when 
treated with hypochlorite of lime, exhibits the reaction of aniline, 
the receiver needs no longer to be changed, the distillate consisting 
almost entirely of this base. 

Petiniue. — Anderson first describes the base contained in the 
most volatile portion of the distillate; he calls it petinine (from 
TEreiyoc, volatile). It is obtained in a state of purity, by submitting 
the first portion of the distillate mixed with the small quantity, which, 
as mentioned above, could be obtained only by distillation with an ex- 
cess of potassa, to repeated distillation. A large quantity of ammonia 
having been evolved, the product distilling towards 80° is petinine. It 
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is a transparent colourless liquid^ •powerfully refracting light, and of 
a pungent most disagreeable odour, recalling, when dilute, that of 
putrid apples. It dissolves in all proportions in water, alcohol, ether, 
and oils, the solutions have an acrid burning tasA, and are alkaline. 
It boils at 79'5® ; its vapour forms with hydrochloric acid gas white 
fumes. This substance combines with concentrated acids, with 
evolution of heat ; it pn^cipitates salts of sesquioxidc of iron and 
protoxide of cop])er ; the latter oxide dissolves with a blue colour in 
an excess of the base. Anderson proposes for pctitinc the formula 
N (theory 66*66 of carbon, 13*88 of hydrogen, and 19-37 of 
nitrogen ; experiment 66*66 of carbon, and 13*92 of hydrogen). 
The platinum-salt is Cg Il^o N, IlCl, PtCl^ (theory 17-26 of carbon, 
3*96 of hydrogen, and 35*45 of platinum; experiment 16*93 of 
carbon, 4*17 of hydrogen, and 35*34 — 35*54 and 35*51 of platinum). 
Gcrhardt(l) considers the formula Cg N more probable (theory 
65*75 of carbon, 15*0 of hydrogen; in the platinum-salt, 17*2 of 
carbon, 4*3 of hydrogen, and 35*26 of platinum). The latter formula 
would represent the butyric acid term corresponding fo the bases 
of the methyl- and ethyl-series, Ilg N and C,, 11^ N lately dis- 
covered by Wurtz. 

The salts of petininc crystallize easily, and arc permanent in the 
air ; they may be sublimed without dccom])osition if their acid be 
voL'itilc. The neutral sulphate yields, on evaporation, a bisulphate 
crystallizing in leafy plates, and deliquescing in moist air ; the nitrate 
sublimes in 'delicate woolly crystals, the hydrochlorate in needles. 
The platinum-double salt crystallizes from boiling water in golden- 
yellow plates, resembling protiodidc of lead. — Petinine is but diffi- 
cultly decomposed by nitric acid, but immediately destroyed . by 
hypochlorite of lime, a very pungent odour being evolved ; the 
solution remains colourless. An aqueous solution of bromine sepa- 
rates from solutions of petininc a heavy yellow oil insoluble in acids, 
hydrobromate of petininc remaining in solution, 

ptcoiine. — In a paper published in 1816 (2), Anderson showed, 
that coal-gas naphtha contains, along with aniline, Icucoline and 
pyrrole, another -base isomeric with aniline, to which he gave the 
name picoline. His supposition that this compound is the chief con- 
stituent of odorine, described by XJnverdorben as one of the 


(1) J. Phanii. [3] XIV, 378; Lanrent and Gerhardt’s Compt. Rend, des Trav. 
Chim. 1849, 121. 

(1) Trans, of the Roy. Soc. of Edinb. XVI ; Ann. Oh. Pharni. LX, 80* ; J. Pr. Chem. 
XL, 124; Berzelius’ Jahresber. XXVII, 370; J. Pharm. [3] XI, 393. 
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components of DippeVs oil, has been proved to' be correct by a 
more minute examination. The fraction distilling between 132 and 
l87® is picoline Hy N. The analysis both of the base and the 
platinum-salt prepared from BippePs oil, leaves no doubt in this 
respect. v 

AniUne.— I^arral(l) has determined the vapour-density of aniline. 
He found it tQ be 3*210. The theoretical value of the formula 
Ci2 N, representing 4 vols. of vapour, is 3 ‘202. 

Phosphates of Aniline. — Nicholson(2) has investigated the com- 
pounds of aniline with phosphoric acid ; he succeeded in obtaining 
the salts formed by this base with common phosphoric acid and with 
.pyro- and metaphosphoric acid. » On adding an excess of aniline to a 
concentrated solution of tribasic phosphoric acid, a magma of crystals 
is produced, which when recrystallized from boiling alcohol, yields 
nacreous plates, resembling thionurate of ammonia. This phos- 
phate has a slightly acid reaction ; it dissolves readily in ether and 
water, but is less soluble in cold alcohol ; it fuses at a gentle heat, 
and loses aniline at 100", when it assumes a red colour. — It hal^ the 
composition 2 (Cj2 N, HO), HO, PO5. — ^If the solution of this 
salt be mixed with tribasic phosphoric acid until it ceases to be 
precipitated by chloride of barium, white' needles are deposited on 
evaporation in the water-bhth. These crystals, which are readily dis- 
solved by ether, by alcohol, and by water, (by the latter with decom- 
position), are represented by the formula (Cj^ H^ N, HO), 2 HO, PO5. 
Nicholson did not succeed in obtaining a phosphate, containing 
8 equivs. of aniline. 

. On adding aniline to pyrophosphoric acid, a mixture of the neutral 
and acid salt is precipitated, which, when redissolved in an excess of 
the concentrated acid, deposits white needles, assuming a red tint in 
the atmosphere. These crystals are the keid salt H^ N, HO), 
HO, PO5 ; they are soluble in water, with a strongly acid reaction, 
but are insoluble^in alcohol and ether. 

Metaphosphate of aniline, (Cj^ H^ N, HO), PO5, is precipitated as 
a white gelatinous mass, on adding a large excess of either aniline 
itself or its alcoholic or ethereal solution to metaphosphoric acid. 
This compound is insoluble in alcohol and ether, but dissolves in 
water, with an acid reaction; wfann boiled for some time, it is con- 
verted into common phosphate of aniline; 


CD Ann. Ch. Phys. [3] XX, 348. 

(2) Phil. Mag. [3] XXX, 10 ; Ann, Ch. Pharm. LIX, 213. 
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AnlUne and Protochiortde of .Platlnmn. — ^According to a preli- 
minary communication^ made by Baew8ky(l)^ aniline forms three 
compounds with protochloride of platinum, of which the one, of a 
violet colour, corresponds to the giiseen salt of Magnus; it contains 
Pt Cl, Cj 2 Hy N, and is capable, like the latter, <5f assuming a variety 
of isomeric conditions. The other combination is rose-red ; it has 
the formula Pt'Cl, 2 N, and corresponds to Reiset^s ammo- 

nia-compound. A third salt, of a gamet-red colour, is the hydro- 
chlorate of the violet compound, and contains Pt Cl, C^j N, H CL 
Organic Bases derived from Aniline.— A. W. Hofmann has 
communicated a scries of researches on the deportment of aniline and 
several analogous bases with iodine, cyanogen, and chloride of cyanogen. 

lodaniiine. — Anhydrous aniline, when gradually mixed with IJ 
parts of iodine, solidifies" after some time to a brown crystalline mass, 
containing chiefly hydriodate of iodaniline along with hydriodatc of 
aniline, free iodine, and a brown iodinated product of decomposition 
of aniline, which is insoluble in acids, in alkalies, and in water (2). 
On ti-cating this mass with*' dilute hydrochloric acid (of a spec, 
grav. 1*11), difficultly soluble hydrochlorate of iodaniline is sepa- 
rated, the corresponding aniline-salt remaining in solution. It is 
necessary to avoid the use of concentrated hydrochloric acid, which 
prccipities*also the aniline-salt. The hydrochlorate of iodaniline is 
washed \\jth a small quantity of hydrochloric acid, and dissolved in 
boiling'’watcr ; this solution, when decolourized with animal charcoal, 
yields nacreous tables, resembling benzoic acid. From the solution 
of this salt, the iodinc-base is thrown down, on addition of ammonia, 
in white crystals, which may^be still farther purified by dissolution in 
alcohol and rcprecipitation by water. On evaporating the alcoholic 
solution in the water-bath, yellow, oily drops are separated, solidifying 
on cooling, with crystalline structure. 

The composition of iodaniline is re|)resented by the formula 
Hg I N* It is derived from aniline by the elimination of 1 cq. of 
hydrogen, for which is substituted 1 eq. of iodine. This compound 
resembles, in many respects, aniline; and in more, the corres- 
ponding chlorine- and bromine-base. The same vinous odour, the 
same pungent taste, the same solubility in alcohol, ether, pyroxylic 
spirit, acetone, bisulphide of carbon, fatty and ethereal oils. It is 
but slightly soluble in water, and heavier than this liquid ; it has no 


Aniline 
end pttkto- 
chlorlde of 
platinum. 


(1) Compt. Rend. XXIV, 424. 

(2) Chem. Soc. Qu. J. I, 269 ; Ann. Ch. Phartn. LXVll, I ; Ann. Ch. Phys. [3] 
XXV, 230. 
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action upon vegetal colours. It forms only prismatic crystals^ while 
brom- and chloraniline affect the forjn of octohedrons. The crystals 
fuse at 60^ and solidify at 51® ; they may be distilled both aloiie and 
with water. The solutions of iodaniline impart to fir-wood and the 
pith of the elder-tree the same intense yellow colour as aniline, 
chlor- and bronianiline, but do not exhibit with hypochlorite of lime 
the purple-violet reaction of aniline. Solid chromic acid decomposes 
iodaniline without inflammation. When exposed to the air, the base 
turns black, iodine being liberated. 

The salts of iodaniline crystallize with the same facility as those of 
aniline ; they are less soluble and yield a precipitate of iodaniline 
when mixed with an aqueous solution of aniline. Iodaniline precipi- 
tates salts of alumina, but has no action on iron- and zinc-salts. 
— Hydrochlorate of iodaniliney Hg I N, HCl, crystallizes in leaves 
and broad tliin needles, which are difficultly soluble in cold water 
and concentrated hydrochloric acid, insoluble in ether, but dissolve 
readily in alcohol. The hydrohromate resembles the former salt in 
every respect ; the hydriodate is more soluble, and rapidly undergoes 
decom[)osition. Sulphate of iodaniliney Hg I N, II 0, SO 3 , forms 
brilliant scales, the solution of which is decomposed, when heated 
to ebullition. Oxalate of iodgniliney C 12 IN, HO, CgO^, crys- 
tallizes in flattened needles, difficultly soluble in alcohol and water, 
insoluble in ether. The nitrate crystallizes in hair-like needles ; its 
sohitiop is not precipitated by nitrate of protoxide of silver. The 
platimm-salty Cj 2 IN, HCl, PtClg, is an- orange-yellow crystalline 
precipitate. — Ilydrochlorate of iodaniline* yields, with tcrchloride of 
gold, a scarlet precipitate which is rapidly altered. 

The vapour of iodaniline is readily decomposed by potassium, 
iodide and cyanide of potassium being formed ; it is affected neither 
by an aqueous, nor an alcoholic solution of potassa. ' With chlorine 
it yields trichloraniline a^d chlorophenisic acid, chloride of iodine 
being evolved. Bromine converts the iodine-base into tribroma- 
niline ; when treated with a mixture of chlorate of potassa it is, like 
aniline, transformed into chlorokinone (chloranile) and chlorophe- 
nisic acid. Ebullition with nitric acid, gives rise to the formation 
of picric acid. If salts of iodaniline be treated with an amalgam of 
potassium, or with metallic zinc, in the preseni^e qf a free acid, 
aniline is regenerated. 

cyaniitne.^ — ^Aniline absorbs cyanogen-^as with evolution of heat ; 
the solution turns gradually opaque, the odour of hydrocyanic acid 
becoming perceptible, and a crystalline deposit being, produced. 
According to Hofmann, if the current of cyanogen be interrupted. 
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as soon as the liquid has assumed. a strong odour of this gas, the 
crystals deposited consist chiefly of an organic base, to which he gives 
the name qfaniline{\). A cold solution of ahiline, in from ‘6 to 6 
parts of alcohol, exhibits a deportment similar to that of pure 
aniline; the ciystalline deposit, however, being much purer, in 
preparing cyaniline an alcoholic solution is to be preferred to the 
base itself. Crude cyaniline is purified in the following manner : 
the crystals, after having been separated from the mother-liquor by 
washing with alcohol, are dissolved in dilute sulphuric acid, which 
leaves a small quantity of a red crystalline substance. On adding 
ammonia to the acid solution, cyaniline is precipitated, which has 
still a slightly yellowish colour, but becomes colourless hfter repeated 
crystallizations from boiling alcohol. Hofmann found this com- 
pound to be IIyN 3 =Cy, Ci 3 HyN; this formula shows that 
cyaniline is formed by the direct union of aniline and cyanogen. 

Cyaniline crystallizes in colourless tufts, of the lustre of metallic 
silver, which arc inodorous and tasteless ; they are difficultly soluble 
in alcohol, ether, pyroxylic spirit, bisulphide of carbon, benzole, fatty 
and ethereal oils, and perfectly insoluble in water. It fuses between 
210° and 220°, and sinks in water, when fused, while the crystals 
float upon it. When heated beyond its fusing-point it is decom- 
posed, carbon being liberated, while aniline and cyanide of ammo- 
nium are evolved ; nor is cyaniline volatile with the aid of aqueous 
va])our. The acid solutions of this base have no action upon fir- 
wood, nor docs cyaniline exhibit the reactions of aniline, either with 
hypochlorite of lime, or chromic acid. 

When in contact with acids for some time, cyaniline undergoes 
decomposition, the cyanogen assimilates the elements of water, and 
aniline is separated; hence some difficulties arise in preparing 
pure salts of cyaniline ; they correspond in composition to those of 
aniline. — Hydrochlorate of cyanjUinCf Cy^ N, HCl, is obtained 

by adding fuming hydrochloric acid to an equal volume of a solution 
of the base in boiling dilute hydrochloric acid, when colourless cry- 
stals are deposited, which may be washed with ether. This salt is 
readily soluble in water and alcohol, and has a remarkably sweet 
taste. In solution, or when kept moist for some time, it is decom- 
posed. The hydrobromate^ Cy, Cjg Hy N, HBr, and hydnodatCj are 
similar to the hydrochlorate ; the latter is still more readily decom- 
posed. Nitrate of cyanilmey Cy, Cjg N, HO, NOg, crystallizes 


(1) Chem. Soc. Qu. J. I, 159; Ann. Ch. Pharm. LXVl, 129; Ann. Cb. Phys. [3] 
XXIV, 67 ; J. Pharm. [3] XIV, 305. 
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.in long needles, which are difficultly soluble in water, and forms, 
with nitrate of protoxide of silver, a crystalline double compound. 
The platinum-saltj (5y, Hy N, H Cl, PtClj, is precipitated in 
orange-yellow needfes, soluble in water and alcohol, on adding 
bichloride of platinum to a boiling saturated solution of the base 
in pretty concentrated hydrochloric acid. It is readily decomposed 
into the corresponding platinum-salts of aniline and of ammonium, 
and other products. An alcoholic or hydrochloric solution of cyani- 
line, yields, with terchloride of gold, an orange-yellow double salt, 
Cy, Ci 2 Hy N, HCl, AuClg, whose solution in eth§r deposits the 
platinum-salt of aniline. 

Nicotine and. leucoline, when treated with .cyanogen-gas, form 
brown, amorphous products of decomposition, possessing no basic 
properties ; compounds analogous to cyaniline could not be obtained. 

Meianiiine. — Aniline absorbs gaseous chloride of cyanogen, as 
obtained by the action of chlorine on moistened cyanide of mercury ; 
in this reaction a considerable amount of heat is evolved, the liquid 
assumes a dark colour, thickens and solidifies gradually into a crys- 
talline ma8s(l). Chloride of cyanogen having ceased to be absorbed, 
even on exposure of the mass to a gentle heat, the whole is converted 
into a brown, transparent, resinous substance, which consists chiefly 
of the hydrochlorate of a new organic base, for which Hofmann 
proposes the name melanUine. In order to obtain this compound in 
a state of purity, the hydrochlorate is dissolved in boiling water, 
acidulated with hydrochloric acid. From this solution the nielaniline 
is precipitated by potassa as an oily mass, soon solidifying with crys- 
talline structure. After having been washed with water, it requires 
only to be recrystallized from a mixture of equal parts of alcohol and 
water. The formula of melaniline is Cgg Hja Ng = Cjg N, 
Ci 2 Ilfl N, Cy. Its formation, in which 2 equivs. of aniline have 
been acted on by 1 equiv. of chloride of cyanogen, is represented by 
the following'equation : 

2 C,3 n, N + Ca N Cl « CjB 11,3 Ng, H C l. 

• Aniline. Chloride of Hydrochlorate 
cyanogen, of mdaniline. 

Melaniline forms white hard crystalline plates, assuming a reddish 
tint when exposed to the atmosphere; they are inodorous, but 
possess a bitter ti^ste. It fuses at 120^ — 130^, and is decomposed 
b^tWQen 140^ and 150^ into aniline, which distils over, and a trans- 

(1) Chem. Soc. Qu. J. I, 285} Ann. Ch. Pbnnn. LXVII, 129. 
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parent brownish mass, which rcnaams behind. The crystals float 
upon water, while the fused base sinks m it. Melanilme is difficultly 
soluble in water, it dissolves, however, easily in alcohol, ether, 
pyroxylic spiiit, acetone, and bisulphide of carbon, fatty and ethereal 
oik. It has scarcely any reaction on vegetal colours ; its salts have 
no cfiect upon fir-wood, nor do they exhibit, either with chronbc acid 
or hydrochlorate of lime, the peculiar changes which characterize 
aniline. 

Melanilme forms with* most acids, crystalline salts, which are 
colourless or slightly reddish; their solutions are vciy bitter, and 
yield, when mixed with caustic or carbonated alkalies, a precipitate 
of white melanilme, which rapidly crystallizes. — Sulphate ofmelam- 
line, N3, HO, SO3, forms stellated, rhombic plates, which 

are soluble m water, alcohol^ and ether. — Nitrate of melanilme. 
Cog Ili3 N,, HO, NO5, forms white needles; it is so completely 
deposited from its hot solution, that the mother-liquor becomes 
scarcely turbid on addition of an alkali, whence nitric acid may be 
used as a reagent for this base. The nitrate is likewise soluble in 
alcohol, but dissolves scarcely in ether. Binoxalate of melaniline, 
IIj j Ng, 2(HO, Cg O4), resembles the sulphate; it is difficultly 
soluble in water and alcohol, almost insoluble m ether ; when heated, 
carbonic oxide and caibonic acid are evolved, while aniline passes 
over, along with a substance of a most penetrating odour, which is 
perceptible likewise m various decompositions of cyanilinc; towards 
the cud of the opeiation, the neck of the retort becomes coated with 
a radiated mass of crystals, a transparent resinous residue remaining 
behind, lihe phosphates are readily soluble, but crystallize only very 
gradually ; the hydrochlorate is the most soluble of all melanilme- 
salts , it dries up into a gummy mass, becoming only very slowly 
crystalline. Hydrobromate of melanilme, ^20 H,3 Nj, H Br, crystal- 
lizes icadily in stellated needles, less soluble- m concentrated hydro- 
brornic acid than in water, ffydnodate of melanilme, H,, Nj, H I, 
separates as a yellow oil, solidifying only slowly with crystalline 
structure, on treating the base with concentrated hydriodic acid ; it 
is soluble m hot water and alcohol, and is decomposed m contact 
with the atmosphere. Hydrofluate of melanilme is a crystalline 
salt, readily soluble m water. The platmwn-salt of melaniline, 
Cae N^, H Cl, Pt ClJ, is a pale-yellow crystalline precipitate, 
slightly soluble m hot water. The gohl^salt, II13 N3, HCl, An CI3, 
IS deposited in needles, of golden lustre, or as a yellow precipi- 
tate, from a mixture of hydi'ochlorate of melaniline with ter- 


Melanl- 
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chloride of gold. This salt is difficultly soluble in watcr^ more 
soluble in alcohol^ and dissolves readily in ether. Nitrate of protoju- 
ide of fnlver-melanilme^ AgO, NO5, 2 Ng, is deposited from 

an alcoholic mixture of the base and silver-solution, in hard, white 
crystalline crusts, yrotochloride .of mercury yields with solutions 
of meliniline, a white compound, crystallizing in needles from acidu- 
lated water. 

metamorphoses of Melanlllne. Dlchloromelanlllne. — Addition of 
an excess of chlorine-water to hydrochloratc of melaniline precipitates 
a resinous mass, possessing no basic propeilies; by interrupting, 
however, the treatment with chlorine-water, as soon as the resinous 
precipitate becomes permanent, the filtered solution yields on evapo- 
ration needle-shaped crystals, or an oil, solidifying with crystalline 
structure, which arc the hydrbchloratc of a chlorinated base, to which 
Hofmann assigns the name dichforome^amline. The aqueous solu- 
tion of this Halt gives with ammoniu a precipitate, which crystallizes 
from alcohol in luird crystalline plates. The platinum-salt of this 
base is an orange-yellow crystalline precipitate, which contains : 
C2, III, CI3N3, IlClPtClg. 

Diiiromomeianiiiiie. — Hydrochloratc of mclaniHne exhibits with 
bromine the same* deportment. *Dibromomelaniline, C26lIiiHr2N^, 
is almost insoluble in water, but dissolves in alcohol and ether. It 
has a very bitter taste. When heated beyond its fusing-])oint, it is 
decomposed into bromaniline and a resinous residue. The hydro- 
chloratc of this base, 11 ,, Br^ N3, HCl, is difficidtly soluble in 
water; it crystallizes in long satiny needles; the platinum-salt, 
Cjj,, llj, Br^ Ng, llCl, Pt CI2, forms scales of a golden lustre; it is 
almost insoluble in water. 

Ulodtunelanliine.— This btise cannot be obtained by the direct 
qction of iodine upon melaniline ; it may be prepared, however, by 
treating an ethereal solution of iodaniline with chloride of cyanogen. 
In the first stage of the process, hji^rochlorate of iodaniline is 
deposited, which is* subsequently converted into resinous, gradually 
crystallizing hydrookloratc of diodmnelaniline. Fi*om the solution 
of tliis salt the base is sejiarated by potassa; it contains Cge H,, I2 ; 
its formation is illustrated by the following equation : 

2 C ,2 1I« 1 Nj + C 3 N Cl « Cjj, n„ I 3 N 3 , H Cl. 

Iodaniline. ChlQiide of llydrochlorate of 
cyanogen. diodomelaniliiic. 

The double salt of dibdomelauiline has the composition CogIIijl2N3, 
HChPtCla. 
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Dinitromeiaiitilne. — When treated with fuming nitric acid^ melani- 
line IS con\crted, according to the duration of the treatment^ into an 
ordiigc-yellow base, or into lemon-yellow prisms of an acid forming 
scarlet-red salts with the alkalies. Both compounds are not yet 
fdither investigated; however, the base produced by the action of 
nitric acid is not identicdl with the dinitromelanihney which Hof- 
mann obtained, by treating an ethereal solution of iiitraniline with 
chloride of cyanogen. The hydrochlorate of the base, thus obtained, 
yields, with an alkali, brilliant, pale- yellow scales of dimtromclanilmc, 
perfectly insoluble in water, and difficultly soluble m alcohol and 
ether. When heated, diiiitromelauiliuc is decomposed, like luelaiiiliiie, 
into d broun residue and iiitramliiie. Experiment led to the fprmula 
Cg,, IIji (NOJ2 Nj, which uas confirmed by the analysis- of a diffi- 
cultly soluble hydrochlorate (NO J2 Ng, IICI, and of the 

pldt mum-salt C26 Hn (NOJa N^, llCl, PtCl2- 

uicyanoiiiciaiiiiiiie. — ^An alcoholic solution of nielaniline, when 
sdtuidtcd with cyanogen-gas, solidifies after some hours into a crys- 
tdllme iiidgma, the odour of cyanogen being replaced by that of 
hycluKjauic acid. After separation bt the brown inothei -liquor, and 
rccrystdllizatioii fiom alcohol, yellow needles are obtained, which 
contain IIjj N5 = Cy2, C26 N,. This compound, to which 

Hofmann assigns the name dicyanomelanllme, hence arises from 
lucldnilinc, similarly to cy aniline, simply by the assimilation of 
2 cqiuvs. of cyanogen. When heated dicyanomclaniliiie yulds 
aniline, cyanide of ammonium, and a icsmous residue. It is very 
soluble in dilute acids, and rcpiccipitable without alteration by 
rapidly adding an alkali ; if the hydrochloric solution, however, be 
allowed to stand only a few minutes, a crystalline product of decom- 
position IS deposited, which has not yet been examined; the mother- 
liquor contains ammonia. 

Bromide of cjauogcn converts aniliu^ into hydrobroinate of 
mclaniline; iodide of cyanogen, howoer, gi\es rise to the formation 
of lodauilinc, hydioejanic acid being liberated. 

Ciimldine. — E. Ch. Nitbolson(l) has obtained this base from 
cumole in the same manner as aniline is prcpaicd fiom benzo^?. A 
solution of cumole m fuming nitric acid, yields, on addition of water, 
mtrocumole, N 0 ^, which is dissolved in alcoholic ammonia, 

and repeatedly treated with hydrosulphuric acid until the last trace 
of mtrocumole has disappeared. Distillation of the saturated solu- 
tion promotes the decomposition. The residue of the last distillation 


Dliiltro* 

melaniline. 


(I) Chem. Soc. Qu. J. 1, 2 , Ann. Ch, Pharm. LXV, 58. 
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Ghinoltne. — Laurent(l) considers the formula C^g N as pro- 
bably true for chinoline or leucoline. Its formation from quinine 
and cinchonine accordingly would be represented by the equations : 

C«, N, O 4 =2 C„ Ily N + 2 COo + llg 

Csa O 2 + 2 HO = 2 II 7 N + 2 CO.] + Hg 

picryi. — This substance which had been obtained by Laurent, in 
distilling oil of bitter almonds with sulphide of ammonium, and to 
which Berzelius (Jahresber. XXV, 631) had assigned the name 
cripiney contains, according to Laurent’s first analysis O 4 .. 

On repeating the experiment ( 2 ) he obtained 80*17 — 80*45 carbon, 
and 4*77 — 4*70 hydrogen ; whence he proposes the formula 
^42 N 0^., which requires 80.52 of carbon, and 4*78 of hydrogen. 
In chloro- and bromopicryl 1 or 2 equivs. of hydrogen are replaced 
by 1 or 2 equivs. of chlorine or bromine. 

Lophine. — ^To this compound, prepared from hydrobenzamide by 
the action of heat, Laurent had formerly assigned the formula 
C 46 Hjy Ng. According to a more recent analysis (3), it contains 1 cq. 
of hydrogen less, having the composition H^g Ng, (theory, 8C*25 
of carbon and 5*0 of hydrogen; experiment, 86*18 — 85*91 of carbon, 
and 6*10 — 6*14 of hydi’ogen). 

Flavine. — ^Ainong the products of distillation of benzoate of lime. 
Chancel found a compound, benzophenone, isomeric with henzone, 
but crystalline, which contains Cgg Hio Og. When treated with 
nitric acid, this substance yields a yellowish crystalline powder, 
binitrobensopJieaone, C^g Ilg Ng Ojg, which, under the influence of 
reducing agents, is converted into a basic compound, to which 
Chancel and Laurcnt(4) have given the name flavine. The pro- 
duct obtained in the dry distillation of benzoate of lime was freed 
from benzole and then boiled with fuming nitric acid for several hours ; 
on addition of w^atcr to the nitric solution, a thick yellow oil was sepa- 
rated, which solidified partially after some time, and proved to be a 
mixture of several bodies, even after recrystallization. 'Wlicn dis- 
i, solved in alcoholic or ethereal solution of sulphide of ammonium, it 
yielded flavine, which is deposited in needles. After purification (by 

(1) Ann. Ch. Phys, [3] XXX, 307, (comp. p. 474). 

(2) Ibid. 369, (comp. p. 474). 

(3) Ibid, (coibp. p. 474). 

(4) Instit. 1848, 95 ; Laurent and Gerhardt’s Compt. Rend, des Trav.Chim. 1849 
91, 115. 
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solution in hydrochloric acid and rcprecipitation by means of 
ammonia), flavine forms colourless or slightly yellowish needles, inso- 
luble in water, but dissolving in alcohol and ether, and yielding, 
when heated with solid hydrate of potassa, an oil of basic properties. 
Analysis gave 73*1 of carbon, 5’9 of hydrogen, and 13*5 of nitrogen, 
leading to the formula Cac, Hiq Oj, — H ence the conversion of 
binitrobenzophenone into flavine is represented by the following 
equation : 

Cac Hg Nj Oio + 12 HS = 0, + 8 HO + 12 S. 

The hydrochloratc, crystallizing in long plates, is readily soluble 
in water, less so in alcohol. The platinum-salt, when dried at 150^, 
contains H ,2 N 2 O 2 , 2 H Cl, 2PtCl2, (theoiy, 31'43 per cent of 
platinum ; experiment, 31*4). — Chancel considers flavine as iden- 
tical with carbanilide, obtained by Hofmann(l) in studying, the 
action of phosgene-gas on aniline ; carbanilide, however, although 
having the same composition as flavine, possesses no basic pro- 
perties. 

For chloronicine and paranicine, we refer to p. 408. 

Distinction of tlie Oriranlo Bases liy means of the Btcroscope. 
— According to Andcrson(2), if to a dilute hydrochloric solution of 
one of the following bases, under the microscope of a magnifying 
power of 250, ammonia, or sulphocyanidc of potassium be added, the 
following phenomena arc observed, care being taken to avoid the use 
of too concentrated a solution : 


Strychnine 

Witli ammonia. 

. Prismatic crystals directly. 

With sulpliocyaoide of 
, potassium. 

Flat needles, truncated, or terminat- 

Brucine 

. Stellated groups. 

ing in an acute ang^e. 

Delicate tufts. 

Morphine . 

. Rhombohedrons. 

Amorphous precipitate. 

Narcotine . 

. Ramified crystals. 

ft ft 

Cinchonine 

. Stellated concentric needles, or 

Six-sided crystals, mixed with irre- 

Atropine . 

grainy masses. 

. Amorphous mass. 

gular, flat, rectangular crystals. 


Constitution of the Organic Bases. — FreseniuB(3) has enun- 
ciated the view, that the oxygenated organic bases, when containing 




(1) Ann. Ch. Phann. LVll, 267. 

(2) J. Phann. [3] XIII, 443. 

(3) Ann. Ch. Phann. LXI, 149. 

L L 2 
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more than 1 eq. of nitrogen, (f. i., strychnine, caffeine, &c.), indepen- 
dently of their formation, whether natural or artificial, have a con- 
stitution analogous to that of nitraniline ; he considers them as 
simple bases (aniline, nicotine, sinammine), in which 1 eq.of hydro- 
gen is replaced by an oxide of nitrogen, (NO, NO. 2 , NOg, 1 N 04 and 
NOg). A. W, Hofmann(l) has pointed out the arbitrary nature of 
this view, inasmuch as the existence of hydrocyanoharmaline, of 
cyanilinc and the other collateral bases, discovered by Hofmann (2), 
prove that the second cq. of nitrogen may be present likc^visc, in the 
form of a cyanogen-compound. — Incidentally to his researches on 
melaniline, Hofmann gives a synopsis of all the facts suiiportiug the 
view of Berzelius, that the organic bases are conjugated ammonia- 
compounds. In adopting this view, cyaniline, melaniline, &e., be- 
come conjugated bases of the second order, in which ammonia has 
assimilated various compounds, such as cyanogen, &c., in addition 
to the adjunct Cjg H^ssAn. The formulss of these substances acquire 
thus the following shape, — 


Aniline 
Cyaniline . 
Melaniline 
Dicyaiiomelaniliuc 


NIIj + An. 

NII3 + An Cy. 

NII 3 + Aiu,, Ad, Cy. 
NII3 + Ang, Ad, Cyj. 


(1) Ann. Ch. Pliarni. LXVI, 148. 

(2) Chem. Soc. Qu. J. 1, 312; Ann. Ch. Pharm. LXVll, 166. 
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